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Abstract

This report surmnarizes hand and arm dimensional, clearance, and strength
data of 27 adult males wearing the A/1,.2S-2 full-pressure suit. Thirty-six measures
were obtained under each of three conditi,-ns: bare.handed; gloved and un-
pressurized; and gloved and pressurizd. The data are both summarized for all
subjects and reported independently by glove size worn. Uses of the data are
suggested and specific design values recommended.
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CLEARANCE AND PERFORMAINCE VALUES
FOR THE BARE-HANDED AND THE PRESSURE-GLOVED OPERATOR

Soction I.
INTRODUCTION

"This report quantifes spatial dimensions and performance decremn-nts for 36 hand and arm
positions and ac-tions whihe wearing a ful'-presswre suit. both uniaflated &ed infated, and presents
design criteria to help overcome the handicap.

One of the major pwberems in flying space vehicles or certain aircraft when the mission re-
quires prolonged flight above 50.000 feet is restricted mobility caused by the fuli-pressure suit.
In general, any hard covering lowers a man's maximum poxtential for performing trtain manual
operations; but, the ful]-pressuwr suits create severe decrements in hand mobility and an increase
in the area occupied by the hand through the bulk of the glove. More than a diecde of develop-
ment has improved, but has not eliminated, the pmhrem. nor, to my knowledge is there ana thing
present!; in the design stage that will permit ful hand flexibility and dexterity, and gnificantly
decrease the volume oi the hand covering.

Previous studies on the manual work capability of pressure-sunicri operators have been di.
rected into two avenues of -'search. The first of these is largely concerned with the combined
effects of pressure suits edueed gravity environments upon an operator. This research has
dealt primarily with thi eros of extravehicular activity required tuf asironauts during space
missions. Streiner evic'•, .ese studies in his paper. TA. Ef£fet of Reduacd Gtvity anid ?Prsma'
Suils Upon Operator Capabiity (Streincr, 190(5).

The other type of research concerns die evaluation of various Air Force and 'ational Aero-
nautics and Space Administration operational and developrental pressure suits 3nd pressure gloves,
indlding the Af/A.US-2. A/PZ.S-2A. AIP22S<4. X.20, the XACS series. CAC. AX511. the MD
series, and the MOL series.' The resmirch ir-cludes anthrmpometric measures of suit and glow
ballooning. I i.e.. the increate in size and changing eondgssration of the garment when intiated to
various pressure•s) and simple nanual dexterity tests like the Purdue ?eghoard. which have been
used to coi•mire h3and dexterity od pressure.suited subjecis wearing inmted and urtinlAted gtoves.
Laboratory tests of this p have little pr3actiial ty)stefs design value for tOs- are restricted to
a few subjec7ts in static positions or doing btasi-ally "unrenr tasks. Thus, the test results from a
single subject on the Purdue Pegboard Test. where a man is r-quired to pick up and manihulate
very small pegs ( 1 by 0.125 i wat-s). wahers (0.3?-inh oad by 0 15-i3'rnh id). and colars (02&)-
i•.ch by O.15OMinch id). have lItle valiue to a human faciors enginver designing for a task that
requires operators of varitI sizes and .ills to manipulits. cr aain termn. The dnix-mrwr Ir*ms that
a iuhblct c*amnot handle the ,try urall items walh mur'h $mw' or atcurac.-. but he -ioe rot team
what range of sim. the entire potential isirg. populhtin can handle '•tectsively.

Thl-is study %aw initiated to study the et-oct of wre:trs prextssure gl.es on wks'e-OM mani-pu.
laWive skills anl te spnacs rquired to aceonuncodate tde prmsre g&'rd han& 7he qiwassor to
be answered %were:

Mi#t&-i rT~wcr LaiiwslorjM WniJ44iaferisu~ An5, 0\* 0414.1
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1) What are the spatial requirements of a pilot's hand in a bare-handed conditioo, while
wearing an uninflted full-presswe glove. and while wearing an iilhazed (3-5 paig) uU-pressume
glove?

2) What are the performance decrements for certain types of manual capability; that is, in
torque potential. gripping power. and ability to rotate the hand. wrist an n arm under the same
three conditions as above?

3) Wtat criteria can be established for the design of controls, handles, and apertures that a
pressure-suited man is expected to operate or penetrate with his suit either uninfiated or inflated?

Thirty-siz anthropometric and biur,echanicsl dimensions were selected. Each dimension was
selected to provide specific data for a clearance problem, control design, or control placement.
M2ny of those selected are basic to standard design criteria for barehanded operation as pme-
sented tn Chapters 6 and 8 of the Ilunan Engineering Guide to Equipffnt Design (HEGED)
(Morgan et a], 1963 . Each of the 30 dimensions is described in this report on separate pages.
verhally and pictorially. Included are technical definitions for anthropoloosts and more general
definitions fnr the design engineer. Also given are summary statistical data. percentage of value
change (both as a function of the individual differences and of the differences of the means)
between wearing uninfLiated aId inflated gloves and the barehanded condition, and the complete
range of values for wearets of each si-e glove. In addition, human engixeering applications and
specifit design recommendations are presented.

As only a few of these dimenmions had been taken during conventional anthmopornetric sur-
veys. it was nece.,sary to produce several new measuring instruments. These were constructed of
common materials and eNuipment so that they may be duplicated with miinial ffort if desired
and are described in the appendi-.

Three stardard anthropometric dimensions of the hand (Hand Length. Hand Breadth and
Hand Circumference), plus Weight and Stature wete measured to compare the 27 subjects used
in this study to 2420 Air Force rated persnr.el measured duriug a 1967 anthmopoetric survey of
Air Form pessmooL This compaturn is svwu in table L

TABLE I.

COMPARATIVE DATA

N-2? N-?40
"Mear SD UCCA SD

Stature 164.52 cm. . 660 i 8.11 U em.3.19in IrT T cm. WV6in &OCrM.144iz

7N .20 k. I1623 2b N l.T76Og. 23.83 Mol)k•. IT100Ihm W IMC32g.44 b
flnth .l.3cm,. T.63in Llcw.a0.45in 1911a.7Cm,.3in, Of cuAkO- inLength

Hand
Ve'tadth

Hland 2124cm.S36o lMcmi.054 ia 2l S cm. &49 in 0-94 cm. OT in
Ci6, u. faP*,t



Measurements were taken oi each of the 38 dimensions under three conditions on each sub-
jett: 1) b.arehanded and ý,uitrd; 2) wearing an A/P22S 2 full .pressure suit and glvcs but no
helmet; and 3) wearirg the entire A/P='-,S.' full pressure ensemble inflated to 35 psig. All tnacs.
urements were taken on the subjects' ng'ýt hand. A recent article (Laubach and McConville,
1967) has demonstrated ttw impracticability of considering right versus left hand anthropumetric
differences. This article reports right vernus left hand mean differences of 0.01 cm (0.004 in) in
Hand Length and 0.03 .m (O 012 in) in Hland Breadth. FILm a design viewpoint. I would sug-
gest these represent no signifi'ant practical difference.

Eac? '4imension was taken in the same postion for all subjet-s during cach of the three condi-
tions. T"he subject was .ealed in r- B-47 downward ejection seat with seat bMock and back support.
Restraint was provided by a shoulder harness and lap bwit. Tlhere is no spetial significance in the
`>47 seat, it merely was available and provided a standard seat for all tests. A 30-inch high table
was used when required. The rotation and torcle indicators were always placed on the table
just above the su;bect's right knee. Data collection uas atnmiplished at the 4756th Physiological
Training Flight. Tyndall AFB. Florida. during the spring and summer of 1967. Becau;e of the
great difficulty in obtaining access to a comlpklte siue rAnge of A/P'22S-2 suits and gloves and of
the time involved in donning, adjusting and doffing a full-pressure sui', it was expedient to test
only two subjects in each glove sire. An additional subi-ct was tested in a nrall glove %Size B).
another in a mediurm glove (Sie E). and another in the larges, glove (Size L). This constitutes
a total sample of 27. The A/P22S.2 full-pressure gloves (figure 1) were fitted according to the
operational sizing chart, table 11.

TABLE 11.

AP'22S-2 FITTING CHART (CLOVES)
lni-hes - (Centimeters)

Then CLO-e
If Hand Circumfmrurec is dii Iland Length is Size il

7% (19L77) -o r below 6%( 16 83) to 70 ( 17.78) A
7 1(S, 10) toT% (19.05) B
"7%%(1937)to8 (20.32) C

8 (M32) to 8 (?1.27) 6t, (17.15) toTit (1 10) D
,% 4 ( 8 4.2) to 77' (19.MJ) E

64 (21_%) to&% (=2..54) T I7 TT5)tolT%(1ST3) C
,( 19 03) to Pt (20.00) 1-

9 GLW• - avid a4-7t T,4 (I im toS-,(Zl9as)

Th,, ( !9Vic ht (20c

* ach subhft. AWr his CtOSt tt U•F zlfia, •2K,, i, to the,, pratsowal Uzi.-% chara. t-4be



TABLE UIL

A/P22S2 FITTING CHART

If Weight is and Height is

lb inches-(centimeters) then Suit size is

125- 149 63 (160.02). 67% (171.45) Small Regular
125-149 67% (171.45) .72 (182.88) Small Long

S150. 174 64½ (163.83) .69 (175.26) Medium Regular

150.174 69 (175.28) .73% (186.69) Medium Long

175-199 86 (167.64) .70% (179.07) Large Regular
175-199 70% (179.07).75 (190.50) Large Long

200.224 67" (171.45).72 (182.88) X-Large Regular

200-224 72 (182.88) -76% (194.31) X-Large Long

Each suit size was worn by at least one subject.

The A/P22S-2 is the current USAF operational hill-pressure suit (figure 2). It is described
in detail in the Air Force Technical Order 14P3-6-81, dated I June 1964. The suit is constructed
to Military Specification MIL-F-27628 (USAF) and the gloves to MIL.C-27650A (1'SAF). It is
hoped that the engineering anthropometry data presented here may, with suitable alteration to
reflect changed design features such as seam patterns or restraint configurations, be useful when
the A/P22S-2 assembly is replaced in the Air Force inventory.

A listing of the 27 subjects and their pertinent anthropometric data are prese.nted in table IV.
All subjects were nonrated airmen stationed at Tyndall AFB, Florida.

"The correlation c'ode]cients for certain basic anthropometric dimensions are us follows: (all
barehanded)

N-27
Height atid Hand Length 0.793
Weight and Hand Length 0.587
Height and Hand Circumference 0.517
Weight and Hand Circumference 0.733
Hand Length and Hand Circumference 0.571

The relationship between the size of a man's hand and the size of his body is not great enough for
an accurate prediction of an individual's glove size from his height and weight. Therefore, the en-
tire range of performance values for wearers of each glove size fur each dimensior is given graph.
Ically in the eata section to provide data for any special design problem that may arise. The
change m the data range is not necessarily consistent as one goes up or down the glove sizing
range A designer must take special care what values he incorporates into special design solutions.
Values for glove size D are not necessarily greater than those for glove size B, nor are they neces-
sarily Less than values for glove size K.

4



Various explanations account for certain of the-s apparent in.onsistencies. The primary reasonrunnil.g through the entire series of dimensions lies ir the system which iwtrits sizing and fittingcriteria for the gloves. Because the relationship between hand length and hbud circumference isnot great (correlation coefficient O.571), the glove sizivg program is ba ed on an overlappingseries of pairings with three hand length4 paired to each of four hand circumferences. This pro-duces 12 alphabetized sizes predicated on anthropometric data. Se table- 11. Thus, the four sizesC, F, 1, and L are actually the longest gloves in the series. As there are only 12 sizes, the actualfitting of a population coristitutes ,a spectrum of hand sizes within each glove size; some menbarely fitting into the particular size range, some near the middle, and others near the upperlimits. Each man will fit differently, but sti!l satisfactorily wilhin the conditions of the 12-sizesystem. With different fit, various levels of motivation, and basically different manual manipu.lative skills for each man, it is not unreasonable that moil performances will vary s,'mewhat evenwhen two or more men wear the same size gloves.

I. ) .'

Crw

-MI
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TABLE IV.

ANTHROPOMETRIC DATA OF THE 27 SUBJECTS
(Pounds and Centimeters)

Subfect Hand Hand Pressure Pressure
Number Age feight Weight Length Circ. Glove Size Suit Size

1 24 155.2 110 16.2 i6.9 A Sm. Reg.
2 20 165.9 128 17.9 19.5 A Sm. Reg
3 23 167.5 1.39 19.0 20.3 B Sm. Reg.
4 22 177.0 188 18.3 19.8 B Lg. Beg.
5 31 174.5 183 19.0 20.3 B Lg. Reg.
6 23 175.1 14,5 19.4 185 C Sm. Long
7 22 174.2 14 19.5 19.6 C Sm. Long

8 23 173.9 127 18.0 20.8 D Sm. Long
g -1 11W.2 152 18.2 21.2 D Mod. Beg.

10 22 174.6 157 19.2 20.4 E Med. Reg.
11 20 164.6 127 19.4 20.5 E Sm. Reg
12 22 172.0 155 19.4 207 E Mo, .cR.
13 20 179.8 150 20.0 20.4 F Med, Long
11 45 177.8 178 21., 21.5 F Lg. B'eg.
15 24 164.8 161 18.0 21.6 G Med. Peg.
18 20 164.1 144 18.7 21.0 G Sm. Reg.
17 25 178.3 168 19.0 21.8 H Med. Long
18 21 174.4 149 19.4 21.8 H Sm. Long
19 20 183.1 165 21.0 21.8 1 Med. Log
20 29 18t.0 191 20.2 21.7 1 Lg. Long
21 30 170.0 212 18W5 23.2 J X-Lg. Beg.
22 21 1814 177 19.2 23.1 J lg.Lozig
23 21 183.8 198 20.3 22.8 K Lg. Long
24 27 170.2 182 19.7 22.3 K Lg. Reg.
25 29 184.2 193 21.2 22.9 L Lg. Long

20 19 103.0 2 21.3 23.4 L X.Lg. Long
27 34 182I5 188 21.1 23.3 L Lg. Locg

8



The design criteria recommendations are 5th oa 95th percentile values rounded to the nearest
0.25 inch, for the largest/highest or smallest/lowest measurerment. A Olatic example will sufce
to illustrate the principle involved. A cockpit canopy must be high enough to allow most, if not
all (here arbitrarily 95-7), of the pilots to sit comfortably without striking their heads. Panel con.
trols must be located close enough to the seat to allow most, if not all, (again here arbitrarily 95%)
of the operators to reach them. The mnopy height is thus fixed at a distance above the seat at
least equal to the sitting height of 95% of the pilots, a 95th percentile -value for sitting height; and
the control is placed within the distance from the seat back that is equal to the arm reach of 5%
of the pilots, a 5th percentile value for arm reach. In this way, 95% of the using population can
both sit comfortably in the closed cockpit and at the same time reach .he controls.

The range of values for each glove size must be looked at for those specific problems where
the rzh.9,5th percentile figures are not applicable, as interpolation between pervcntiles can pro-
vide erroneous information.

The design recommendations contained in this report provide data on the limits beyond which
a man cannot perform, not at what point he performs best. Optimal design cdterira can be estab-
lished only through additional psychomotor and psychological testing pmocedu;

in7



Section II.

DIMENSIONS AND DATA



HAND LENGTH

Subject's right hand is extended,

palm up. With the bar of the 4
sliding caliper lying along his
palm, measure the distance from,
the wrist crease to the tip of the "' ,
longest finger.

ANTHROPOMETlIC DATA (N = 27)

Conditiod 1: Subject wearing unpressurized suit but barehanded.

Condition 2. Subject wearing unpresurized suit and gloves.

Condition 3 Subject wearing suit and gloves pressurized to 3.5 psig.

Conditm I CondItion 2 Condion 3

19.38 cm; 7.63 In. 19.84 cm; 7.81 in 19,70 cm; 7.78 in.

SD: 1.10 cm; 0.45 i. 1.22 orn; 0.48 in. 1.39 cm 0.55 in.

V%: 5.908 6.14 7.07

t';. co*Acku of vrtakio. fqxam dw the aiad devw-na exa pav-atge o te tt,

10



HAND LENGTH

ANTHROPOMMTRIC DATA EXPRESSED AS PERCENTILES3

Condition 1: Subject wearing unpressurized suit but barehanded.

Condition 2: Subject wearing unpressurized suit and -K ,'s.

Condition 3: Subject wearing suit and gloves pressurized to 35 psij&

MThe percentile values for a paztkular set of data are treated as though plottcd on normal•obabityaph poper
and a unooth cuive fitted to the point by coanvtntioma murve-fitting procedure (Hertzberg et al 1983par3).

Condition 1 Conditiont 2 Condition 3
Cewia-ters Pvceriier lAd•4. Cewbnam PevcenUlee ledle. Cennime tqr pero lack"

21.27 95 TH 8.37 21.72 95 TH 8.55 22.03 95 TH 8,7
21.00 90 TH 8.27 21.53 90 TH 8.48 21.09 90 TH 8.54
"20.09 85 TB 8.15 21.30 85 TH 8.39 21.30 85 TH 8.39
20.42 80 TH 8.04 21.08 80 TH 8.30 20.96 80 TH 825
20.17 75 TH 7.94 20M80 75 TB 8.21 20.65 75 TH 8.13
19.95 70 Th 7.88 20.65 70 TB 8,13 20.38 70 TH 8.02
19.75 65 TH 7.78 20.44 65 Th 8,5 20.13 65 TH 7.93
19.58 00 TH 7.71 20.24 60 TH 7.97 19.92 00 TH 7.84
19.41 55 TH 7.64 2.04 55 TB 7.89 19.72 55 TH 7.70
19.28 50 TH 7.58 19.84 50 TH 7.81 19.54 50 TH 7.9
19.12 A5 7-th 7M53 19065 45 TH 7.73 19.37 45 TH 7.83
18.99 40 TH 7.48 19.45 40 TH 7.60 19.22 40 TH 7.57
18.87 35 TH 7.43 19.28 35 TH 7.58 19.08 35 TH 7.51
18.75 30 TH 7.38 19.00 30 TH 7.50 1894 30 TH 7.45
18.63 25 Th 7.34 18.87 25 TH 7.43 18.79 25 TH 7.40
18.51 20 TH 7.29 18.68 20 TB 7,35 18.-3 20 TH 7.34
18.37 15 TH 7.23 18.49 15 TH 7.28 18.43 15 TB 7Z
18.18 10 TH 7.15 18.33 10 TH 7.22 18.12 10 TH 7.14
17.73 5 TH 698 1&29 5 TH 7.20 17.42 5 TH 0m

Percentage Inmrease of the PercetUage llmce of the
Inltr4dual Difeefcet s (Autrged) Mearu

Comdtlo. I at Bw Cmd4aao* I aiD...

Condition 2: 2.43% Condition 2: 2.37%
Condition 3: 1.71% Condition 3: 1.65%

11
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Hand Length,
A standard anthropowetrlc m essuremeot of the maximally
stre•ded haM froc the wrua to the tip of the longest finger

HUMAN WNGINEERNG APPWATIONS
For- 1) Comparison with publishmd large anthuopometric suvey data or data from a pertnent

soalized popuaton

2) Aocess of the etire hamd into a receptacle

3) Locatsf Sanger tp owtrols in depth of mceptacle

DESIGN CRITERIA

Number of Imches mo0vay to Lnbzde or aommmodate approimately 65% of USAF rated

BMOWUNPTMWessw d ?rtutWIL

ForspPlicstions 8½ n 8¾/ in. 83/ i n.
I and 2

For applicatizm 6¾34in. 7 in. 63/4in

12-- -- -- -- -- -• ----------- in



Range of Values for
Hand Length per Glove Size

I•cws (1M)
6o00 5o 7.00 7.50 a00 850 9.00 9.50

(15.24) (16.51) (17.78) (1905) (0o ,V) (2).S9) (22.86) (24.13)

OV-E SIZE---

I.-

A .

C 1-4

D
I--4

£ I--..------

F

-A

Ha

H ,-- Uo --I-,

1 -

1,4

L --- Ue~W~CSW~h~o I----------4
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HAND LENGTH;
THUMB. FOREFINGER

Subject's right hand is extended,
the tips of the thumb and fore-
finger lightly touching. Holding f "
the bar of the sliding caliper
parallel to the long axis of the
thumb, measure from the wrist
crewse to the farthest point of
digit 2.

ANTHROPOMET21C DATA (N = 27)

Condition 1: Subject wearing unpres-urired suit but barehanded.

Condition 2. Subject wearing unpressurized suit &M gloves.

CoAdition 31 Subject wearing suit and gloves pressurizhd to 3I psig.

Cor~dL~m 1 Coftuitm 2 Conraiio 3

11 .88 cm; 4.68 in. 1327 cm; 5.2 in. I3-5 Ocm. 5A in.
S. 1.02 cm. 0.40 in. 1.19 c;. 0.47 Lm 1.18 cm; 0.48 in
VS. &6. 0900 8.74

14

- - -'".= • ?, == = = •= = m = • = = = =_=. , . == •= .



.5

I

HAND LENGTH;
THUMB. FOREFINGER

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpfssurized uit but barebmndod.

Condition 2. Subject wearing unpressurized suit and gloves.

Conditio 3. Sub•jct wearing sidt and glovei pressurized to 3.5 plg&

Conda" 1 CondUiti 2 Coudltio.3

13170 95 TH 5.39 15.5 95 TH 6.12 15.84 95 TH &16
13.26 hiT 5.22 15.00 90 TH 5.91 14.9 90 TH 5.&0
12.92 85 Tn 5.09 14M57 85 TH 5.74 14.02 85 TH V75
12.65 80 TH 4.98 14.23 80 TH 5.00 14.37 80 Th 5.06
12.43 75 TH 4.89 13.94 75 TH 5.49 14.17 75 TH 5.5M
12.25 70 TH 4.82 13.70 70 Ti 5.40 14.01 70Th 5.52
12.109 65 TH 4.76 13.50 65 TH 5.31 3.67 0 TH 548
11.96 00 TH 4.71 13.32 80 TH 5.24 13.74 D TH 5.41

-,b4 55 TH 4.0 13.16 55 TH 5.18 13.01 35 TH &M3
11.74 •50 T"i 4.62 13.02 50 THt 5.1: 13.49 . TH 5.31
11.85 ,S - 449 12.89 45 TH 5.06 13.. 43 TH &W
11-57 40 TH 4.55 12.78 40 Th 5.03 13M3 tW 41H 5.21
11.43 35T1H 4.52 12.67 35 TH 4.9 13.x0 35 TH 5.1
11.41 30 T! 1 .41 12.58 30 Tit 4.94 1295 30 TH 5.10
11-.2 25 TH 4.48 LO AS 25T h 4.90 -78 z 1Th 5.03
11.21 20TH 4.41 1232 20 TH 485 12.7 2) TH 4.95
11.06 15 T1 4.35 12.16 15 TH 4.79 12.32 15 TH 485
10.78 10 TH 4-24 189 10 rP 4.68 1l0? 10 Th 4.71
10. 5 TH 3.07 11m 5 H 4t44 1138 5 TH 448

?esCewRge Mf'ect4w of dh ?epawce~z Ift~erm of Af
Iwdhc4duaI Dwitftlwte(Atertgtd) m

Comdism I.Wa Ceoamwe I a &SW

Covdition 2: 1. 1-0, Ccmditioo 2: 12796%
CondItion 3:1.9. Lodiio,:1W7%

15



Hand Length; Thumb- Forefinger
A measuement of the length of the hand from the wrist to tde
fauthist point of the lndez fingei when it i2 in cvonmct with the
tip of the thumb; the so~aIlai tip podizion (HEGED. Wp cit.,

HMAAN ENGI501iRING APPLCATIONS

For - 1) Efectivelength of the tand FI-- VUOUSp operitions

2) Determiunatioc of kength of hwan suppurt for thoaw coubls which lequale pnmcis pnil
turing (HEGED, Wp ait. p. 283)

3) lixatlio of cxmtwla within an apature

Number ef faches coomy to InAld or acawaumdate appmaimutiey 95 of VWIA mudu

For applicatioa 6½ 1/4 1¼ n. 6% In.

For 4p&vumu 3%1n 41/4b 4 14in.
3



Range of Values for
Hand Length; Thumb-Forefinger per Glove Size

scme (cm)

350 4.00 4.30 5.00 5.50 6.00 6.50
(899) (10.16) (11.43) (12.10) (13.97) (,5.Z4) (14)

GLOVE SIZE

I- -. --- -

1--- -- 4

,4

S- -4-_

* H-

-4

L LO---

I ~17

I- -I

_i "p -. ..--



HAWD BREADTH;
-IM ACARPAU

Subject's right hand is extended,..
palm up. With the bar of the ,..
sliding caliper lying acoss the
back of his hand, measure the
wuaxlmum breadth across the dis.
tat ends of the metacarpals
(knuckles).

ANTHROPOMI:TRIC DATA (N=27)

Condition 1: Subjec, wearing unpressurized suit but barehanded.

Condition 2: Subject wearing twrpressurized suit and gloves.

Condition 3: Subject wearing suit ancd gloves pressurized to 3.5 psig.

Condition I Condition 2 Condition 3

8.84 cm; 3.48 in. 9.59 cm; 3.77 in. 9.52 cm; 3.75 in.

SD: 055 cm; 0.22 in. 0.00 cm, 0.23 in. 0.66 cm; 0.28 in.

6.21 6.21 6.96

m1

..- -11



HAND BREADTH;
METACARPALE

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing turpressurized suit but barehanded.

Condition 2. Subject wearing unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Conditon I Condtion 2 Condition 3

Centim'etevt Percentiles In~ches Centimaeten Percentiles I Wdies Cednl rentu.stsr PXAUSinch"

9.69 95 TH 3.82 1O.M8 95 TH 4.16 10.55 95 TH 4.16

9.63 90 TH 3.79 10.47 90 "H 4.12 10.48 90 TH 4.12

9.51 85 TH 3.74 10.32 85 TH 4.06 10.35 85 TH 4.08

9.38 80 TH 3.89 10.18 80 T1 4.01 10.23 80 TH 4.03

9.27 75 TH 3.65 10M05 75 TH 3.96 10.11 75 TH 3.98

9.16 70 TH 3.61 9.93 70 TH 3.91 9.99 70 TH 3.93

9.08 65 TH 3.57 9.82 65 TH 3.87 9.87 65 TH 3.89

8.97 60 TH 3.53 9.72 60 TH 3.83 9,76 aO TH 3.84

8.89 55 TH 3.50 9.63 55 TH 3.79 9.64 tZ•TH 3.80

8.81 50 TH 3.47 9.54 50 TH 3.76 953 50 TH 3.75

&74 45 TH 3.44 9.48 45 TH 3.73 9.42 45 TH 3.71

8.7 40 TH 3.41 9.39 40 TH 3.69 9.31 40 TH 3.67

8.61 35 TH 3.39 9.31 35 TH 3.67 9M20 35 TH 3.62

8.54 30 TH 3.38 9.23 30 TH 3.64 9.09 30 TH 3.58

8.4 25 TH 3.34 9.16 25 TH 3.61 8.98 25 TN 3,53

8.42 20 T- 3.31 9.07 20 TH 3.57 8.88 20 TH 3.49

8.34 15 TH 3.28 8,97 15 TH 3.53 8.74 15 TH 3.44

8.22 10 T" 3.24 8.82 10 TH 3.47 8.61 10 TH 339

7.97 5 TH 3.14 850 5 TH 335 &90 5 TH 3M35

Percentage Increase of the Percentage Incrtase of the

Individual Differertes (Ateroged) Nfeam

Coad•doi l at 8"-. CondWai I a B&Oe

Condition 2: 8.63% Condition 2:8.48%

Condition 3: 7.81% C011-6iItion 3: 7.
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Hand Breadth; Metacarpale
A standard anthropometric measu-ement aross the widest bony
pat of the fiat, stretched band; not including the thumb

HUMAN ENGINEERING APPICATIONS

For - 1) Comparison with published lage anthropon'tric survey data or data from a pettivemt,
specalzed population

2) Access of the flattened band through an aperture

3) Minimum length of handgrips and/or band

DES1Gti CRITERIA

Number of inches noess•yr to ind or acoommodate approximately 95% of USAF rated
personnel:

Bucirimwaf Uvmpu~esarrd PrezaUAW

For a iAtIons 4 in. 4 ]V in. 4V4 in.P.'2. a

Forapphcatlo 3 in. 31/4 3¼ in.

.- A



Range of Values for
Hand Breadth; Metacaroale per Glove Size

mb"h (to)
2.50 3.00 350 4.00 4.50

(6.35) (7.62) (OSe) (10.16) (11.43)

MLOVE SIZE

A

%--r
I--4

.- 4

'-----

1-4

,44

'-.--

I .-

'--4

L UNRSUIE

I

L ...- .- ,T,.SA4A (O . . .-

PRESSURIZED

2i.

- -- -- A



HAND BREADTH;
METACARPAL!, MINIMUM

Subject extends and narrows his
right hand as small as possible.
Measure the maximum dtance
across the distal ends of the meta-
cruls (knuckles) of digits 2-5.

ANTHROPOMETRIC DATA (N-=27)

Condition 1: Subject wearing unpreasun4ed suit but barehanded.

Conditioo Z Subject weaurng unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

CondWo 1 Cordtkin 2 CofSio" 3

"&38 cm; 3.30 in. 9.31 an; 3.08 in. 9.53 an; 3.75 in.

SD: 0.51 cm; 0.2D in. 0.52 cm; 0I imn. 0.65 am; O. In
V%: 075. 8.85

22
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HAND BREADTH;
METACARPALE, MINIMUM

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized suit but barehanded.

Condition 2. Subject wearing unpressurized suit and gloves.
Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition I Condition 2 Condition 3
CEIVknetmI Percentiles Inch"* Cen*ncte,, Percentiles Inches Cew,*imetn Fevcem*dL 10.cW

9.24 95 TH 3.64 10.13 95 TH 3.99 10.81 95 TH 4.18
9.02 90 TH 3.55 10.11 90 TH 3.98 10.57 90 TH 4.18

18.9 85 TH 3.51 9.98 85 TH 3.93 10.44 85 TH 4.11
8.82 80 TH 3.47 9.85 80 TH 3.88 10.29 80 TH 4.05
8.75 75 TH 3.45 9.72 75 TH 3,83 10.15 75 TH 4.00
8.M9 70 TH 3.42 9.00 70 TH 3.78 10.01 70 TH 3`94
8.63 65 TH 3.40 9.49 65 TH 3,74 9.88 65 TH 3.89
857 60 TH 3.37 9.39 80 TH 3.70 9.75 60 TH 3.84
8,51 55 TH 3.35 9.30 55 TH 3.68 9.63 55 TH 3.79
8.44 50 TH 3.32 9.21 50 TH 3.63 9.51 50 TH '. 74
8.37 45 TH 3.30 9.13 45 TH 3.60 9.39 45 TH 3.70
8.30 40 TH 3.27 9.06 40 TH 3.57 9.28 40 TH 3.65
8.22 35 TH 3.24 8.99 35 TH 3.54 9.17 35 TH 3.81
8.13 30 TH 3.20 8.93 30 TH 3.51 9.05 30 TH 356
8.03 25 TH 3.16 8.86 25 TH 3.49 8.94 25 TIl 3.52
7.91 20 TH 3,12 8.80 20 TH 3.40 8.83 20 TH 3.48
7.78 15 TH 3.06 8.73 15 TH 3.44 8.72 15 TH 3.43
7.61 10 TH 3.00 8.63 10 TH 3.40 8.59 10 TH 3.38
7.40 5 TH 2.91 8,41 5 TH 3.31 8.43 5 TH 3.32

Percentage Increae of the Percenage Incveam of the
Individual Digerences (Avmerged) M eami

Coaduiom I as Bant CondUdo I a Base

Condition 2: 11.29% Condition 2: 11.1(1%
Condition 3: 13.92% Condition 3: 13.72%

23



Hand Breadth; A-'itacarpale Minimum
A masume of the vn&Ballt potble breadth (width) to which a
man an wuow his hand

HUMAN ENGINEE~iNG APPKUCATIONS

For- 1) Determinatko of minimum dimeaiow, hem wkdths, for Ingres and egre of the hand
Into a" aperture

2) The smaI~est width for p*acmest of the hand anywhere

DESIGN CRITUIA

Number of inches ccary to nchxde or accommodat approximately 96% of USAF rated

Sershandod UO-aa~tw zed Pveaniroxd

311 in. 4 in. 4%4in.

24i
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Range of Values for
Hand Breadth; Metacarpale, Minimum per Glove Size

bwm (cm)

,00 &50 4.00 4.80 &00
(635) (7.62) (8.89) (10.16) (IL43)

GLOVE SIZE I
A

€c
H

H

I--.-I

C I-. -I

'-"----t
FI

'-4
* #--t

p--4

L -- W PRESSUR-ZE-
SPRESSURIZED

S.. .. - - ---
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HAND CIRCUMFERENCE;
METACARPALE

Subject's right hand is extended,
palm down, thumb held away ...
from the lingers. With the tape,
measure the circumference
around the distal ends of the
metacarpah (kmuckles) of digits
2 and 5.

ANTHROPOMETR)C DATA (N = 27)

Conditio 1: Subject wearing unpressurized suit but barehanded.

Condition 2. Subject wearing unpressurized suit and gloves.

Coodtton 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condkion I CondimLn 2 CondUlon 3

T: 21.24 ca; 8.30 in 22.99 cm 9.05 in. 24.M cm; 9.67 In.

SD: L cm; 0.54 1n. 1.45 nm; .O7in. 1,4 cm; 0.61 Ln.

8%6.41 8.Z

20



HAND CIRCUMFERENCE;
METACARPALE

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized suit but barehanded.

Condition 2: Subject wearing unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Conditon I Condition 2 Condition 3
Ce.omietm Percentil es AIch" Cem*netm Percewdiies inches Ceeim Prengvjln incA"

23.38 95 TH 9.20 25.54 96 TH 1006 27.01 95 TH 10.63
23.35 90 TH 9.19 24.99 90 TH 9.84 28.80 90 TH 10.55
23,04 85 TH 9.07 24.63 85 TH 9.70 20.49 85 TH 10.43
22,71 80 TH 8.94 24.34 80 TH 9.58 20.18 80 TH 10.31
22.39 "/3 TH 8.82 24.08 75 TH 9.48 25.87 75 TH 10.19
22,10 70 T11 8.70 23.84 70 TH 9.38 25.57 70 TI! 10.07
21.82 65 TH 859 23.61 65 TH 9.29 25.28 65 TH 9.95
21.57 60 TH 8.49 23.38 60 TH 9.20 25.00 00 TH 9.84
21.34 55 TH 8,40 23.16 55 TH 9.12 24.72 55 TH 9.73
21.13 50 TH 8.32 22.94 50 TH 9.03 24.A 50 TH 9.62
20.94 45 TH 8.24 22.71 45 TH 8.94 24.17 45 TH 9.52
20,78 40 TH 3.17 22.48 40 TH 8.85 23.90 40 TH 9.41
20.59 35 Th 8.10 22.25 35 TH 8.76 23.64 35 TH 9.31
20,42 30 TH 8.04 22,01 30 TH 807 23.37 30 TH 9.20
2028 25 TH 7.98 21.77 25 TH 857 23.11 25 TH 9.10
20.09 20 TH 7.91 21.52 20 TH 8.47 22.85 20 TH 9.00
19,89 15 TH 7.83 21.28 15 TH 8.38 22.60 15 TH &90
19,58 10 TV 771 21.07 10 TH 8.30 22.39 10 TB 8.82
18,80 5 TH 7.43 21.05 5 TH &29 22.32 5 TH &79

Peft'sfage Icrvwse of the Pecentage IereGw of the
Indtoidua, Differeces (Avroged)Mo

Qduo Iasa Sam Co.Adiuo I m sawe

Condition 2: 8.28% Condition 2: 824%
Comlition 3: 15.64% Cmodition 3:1 558%

27
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Hand Circumference; Metacarpale
A standard anthropometric measurement of the circumference
around the Ikuckles of the fattened hand

HUMAN ENGINEERING APPUCATIONS

For- 1) Couiparison with published large: anthropometric survey data or data from a pertinent
specialized population

2) Access of the land from fingertips to thumb crotch into an aperture or receptacle

DESIGN CRtIERIA

Number of inches necessary to include or accommodate approximately 95% of USAF rated
Personnel:

Bashanded Unpmstumfed Presuad

For ppUca.on 71¼ in. 8 14 in. 8¾/ i.
1

Forpbi-f A 9V4 in. 10¼4 in. 103 in.
I and 2

la~28

"*1



Range of Values for
Hand Circumference, Metacarpele per Glove Size

ko- (0m)
7.00 &DO 9.00 10.00 ILOO

(t?.76) (20 .,2) (22.86) (25.40) (27.94)

GLOVE SIZE -

A

I....-

a . ... -4

'----4c

'4H

I--4

2--------4
PSH

I--I

-. . UPRC5SU, IZE O

- P- ---z~oF.--,--



1

HAND CIRCUMFERENCE;
TnUMB- FOREFINGER

Subject's right hand is extended P
with the tips of the thumb and
forefiger lightly touching' with
the tape passing over the distal
ends of the metacarpals
(knuckles) of all five digits,
measure the circumference of the
hand.

ANTMOKOMETRIC DATA (N = 27)

Condition 1: Subjed wearing unpressurzed suit but barehanded.

Co•ditioa 2. Subjet wearing unpreuurtd uItI "A gloves.

Cooditio 3. Subjec wearing suit ad gloves p•esuriued to 35 ps--

Conadioe I Conditon 2 Condiro. 3

20- an;,cm.10.77in. 8V.T cm. II37 in. 31 27 cs- I231 in.

SD: 1.77 omn 0'.70 in. IA5 Ctn, 0.65 in. 1I3 cm. O.() in.
Vqr.: 8.48 5.71 4.91

30



HAND CIMCUMFERENCE;
THUMB. IFOREFINGER

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized suit but barehanded.

Condition 2. Subject wearing unpressurized suit and gloves.

Coadition 3: Subject wearing sit and gloves pressurized to 3.5 psig.

Cndion I Condilon 2 CorUiam 3
ce"mOvn ,mefsdL lftch" Ceiterfe retceVr, tMeC,* Cdmbwm Prete* Ic

30.97 95 TH 12.19 31.15 95 TH 12.26 33,25 95 TH 13.09
29.92 90 TH 11.78 30.88 90 Th 12U18 33.03 90 1H 13.01
2927 85 TH 11.52 30.62 85 TH 12.05 32.90 85 TH 1.95
28.60 80 TH 11.34 30.38 80 TH 11.95 32.77 80 TH IZ90
28.42 75 111 11.19 30.11 75 TH 11.85 32.2 75 TH 1284
28.11 70 TH 11.07 29.S6 70 TH 11.75 3248 70 "t IZ78
27.84 65 TH 10.96 29111 65 TH 11.60 32.29 65 TH 12M71
27.00 OD TH 10.87 29.35 60 TH 11.56 32.09 40 TH 12.84
27.38 55 Th 10.78 2%.10 55 TH 11.48 51.88 55TH 1" 5
27.17 50 TH 10.70 28.84 .0 TB 11-35 31.65 50 TH 1246
26.07 45 TH 10.62 2558 45 TH 11.25 31.39 45 TH 1235
26,78 40 TH 10.54 28.31 40 Ti 11.15 31.12 40 TH 12.2S
2658 35 TH 10.48 23.03 35 T11 11.04 30.81 35 TH 12.13
26.37 30 TIt 1038 27.75 30 TV 10.42 30-48 30 11 IZ00
26.15 25 pi 10.29 '27.45 25 TH 10.81 3011 25 TH 11.85
25.M 2D Tit 10.19 27.14 21 TI! W08 29.70 20 TH 11.9
23M 15 TH 10.06 2&.4 15 TH 10.57 2914 15 TIh 11.51
2.&07 10 TII t .7 2V.5 10 TH 10.45 23.74 10 TI! 11.32
It 17 5 TH Q31 2&41 5 Ti 10.40 WD30 5 TH 11.14

PtftVf fcta -- biaz of th&e ?ewwua~d Mcwvme of at
1'umdk dual DVrtevse (Awmped) mW

C~tN I at sawcofim~ I ofsa

Coxsdion 2. 5-65% Conditon 2: 5m%1
Cooditzoa 3. 14O% Coaotim 3: 1429%

31



Hand Circumference; Thumb- Forefinger
A measurement of the circumference of the band around the
knuckles when the tip of the index finger is in contact with the
tip of the thumb; this is the so-called tip position

HUMAN CNGINEERING APPUCATIONS

For - 1) Determination of the dimensions of apertures and works-pace areas designed for occu-
pation by a mans hand in the tip position

2) Location of certain types of controls (toggles, rotary switches, etc.) in depth of receptacle

DESIW4~ CRITERIA

Nwrnbcr of inches necessary to include or accommodate approximately 95%k of USAF rated
personnel:

Bare handed Un pressufized Pressrized

For application 1.21/4 in. 12Y2 in 13%4 in
1

For application 9½Y in. 101/ in. 11 in.
2

32
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Range of Values for
Hand Circumference; Thumb- Forefinger per Glove Size

IpCfts 14M)

900 10.00 1100 12.00 13.00 14.00
(22.86) (25.40) (27.94, (30.48) (33.02) (35.56)

GLOVE SIZE
A

I----4

* I--~------t

I-.-.---C

,_ -P--4
.I30i

I--

C I-- - -4

14,

I---.----4

I-I

-- - •8AREHA$gEO I--- ... 4
S.... UtRCSSJ~tZC0 .4

Px1CSWRIZEO



HAND CIRCUMFERENCE;
METACARPALE, MINIMUM

Subject extends and narrows his
right h" as small a possible.
With the tape, measure the cir.
cunifemee amund the distal ends \
of the metacarpals (knuckles) of
digits 2 vad 5.

ANTHROPOMETIC DATA (N= 27)

Condition 1: Subject wearing unpressurized suit but barehanded.
Conditon 2: Subject wearing unpressurfd- suit and glovs.
Coeditoa 3I Subjtck wearing suit and gloves pressurized to 35 psig,

Coditon I Condion 2 Condit" 3

"" 2.77 cn; 0.3 in. 26-l9 cm: 10.31 in. 2&00 cm; 11.04 in.
SD: 30can; 0.91 in. 262 cm; 1.03tn. 2.79cm; l.IlO.

vi! 10-OD 998

34



HAND CIRCUMFERENCE;
METACARPALE, MINIMUM

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized suit but barehanded.

Condition 2. Subject wearing unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition I Condition 2 Condion 3
Cmetm PewtI*L Inches týme•er, Pevcet*leu IwndeJ Cemetm Pescda4 lWnd

28.87 95 TH 10.58 2989 95 TH 11.69 31.94 95 TH 12.57
28.85 90 TH 10.57 29.47 90 TH 11.60 31.71 90 TH 12.48
23.54 85 TH 10.45 29.24 85 TH 11.51 31.35 85 TH 12.34
28.18 80 TH 10.30 29.02 80 TH 11.42 30.96 80 TH 12.19
25.77 75 TH 10.14 2&79 75 TH 11.34 30.53 75 TH 12.02
25.37 70 TH 9.99 28.20 70 TH 11.10 30.10 70 TH 11.85
24.98 65 TH 9.83 27.53 65 TH 10.84 2966 65 TH 11.68
24.59 60 TH 9.68 27.05 60 TH 10.65 29.21 60 TH 11.50
24.21 55 911 0.53 28.71 55 TH 10.52 28.74 55 TH 11.32
23.82 50 TH 9.38 28.38 50 TH 10.38 28.27 50 TH 11.13
23.44 45 TH 9.23 25.83 45 TH 10.17 27.77 45 TH 10.93
23.06 40 TH 9.08 25.10 40 TH 9.88 27.27 40 TH 10.74
22.67 35 TH 8.93 24.93 35 TH 9.82 28.74 35 TH 10.53
22.28 30 TH 8.77 24.76 30 TH 9.75 26.20 30 TH 10.31
21.87 25 TH 3.61 23.71 25 TH 9.33 25.63 25 TH 10.09
21.45 20 TH 8.45 23.48 20 TH 9.25 25.03 20 TH 9.88
21.02 15 TH 8.28 23.28 15 TH 9.16 24.43 15 TH 9.82
20.58 10 THI 8.09 22.00 10 TH 8.90 23.85 10 TH 9.39
20.06 5 TH 7.90 21.92 5 TH 8.63 23.55 5 TH 9.27

Percentage Increase of the Percentage Incrvoee of the
Indviiduual Dlgerences (Averaged) M eans

Cotadlmo 10 um Coaditio I d am

Condition 2:10.24% Condition 2: 10.18%
Condition 3: 18.10% Condition 3: 17,92%

35
mmi



Hand Circumference; Metacarpale, MinimL m
A measure of the smallest circumference when the hand is nar.
rowed as much as possible

HUMAN ENGINEERING APPUCATIONS

For - 1) Determination of minimuum dimensions for ingress and egress of the hand into an
aperture

2) The smallest spatial envelope for placement of the hand anvwhere

DESIGN CRITERIA

Number of inches necessary to include or accommodate approximately 95% of USAF rated
peusonnel:

Barehanded Unpressurized Preauried

10/ in. ¾/4 in. 12¾ in.

38



Range of Values for
Hand Circumference; Metacarpale, Minimum per Glove Size

imches (cm)
7.50 950 115O 13.50

(19.05) (24.13) (29.21) (34.29)

GLOVE SIZE .

A SI.---------

b--. *-
a I-----4

--.-

C' H

F --A

.0 I~--------

H--4

,_ i.--- --4

i,"--__ __ _ __ ---- _ __

I---------------"1

-. - MRCHANOED
... - UNPRESSURIZEO

- FRESSURIZED

K ~)---4

•tt



FIST CIRCUMFERENCE

Subject makes a tight fist with his
right hand. With the tape passing
ovre the distal ends of the meta-
carpals (knuckles) of all five
digit, measure the circumference
of the fist.

ANTHROPOMETMC DATA (N = 27)

Condition 1: Subject wearing unpressuwiz6. suit but barehanded.

Condition 2: Subject wearing unpressurized suit and gloves.

Condition 3. Subject wearing suit And gloves prmssurized to 3.5 psig.

Condition .Y Cond"o 2 Condition 3

29.02 cmn; !1.42 In. 30.77 cm 1211 in. 31.91 cm; 12.58 In.

SD: 1.9 cm; 0.79 in. 1.42 cn O.5 in. 1.00 cm; 0.63 in.

VS:6.87 461 &01
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FIST CIRCUMFERENCE

ANTHROPOMETRIC DATA EXPUESSEO AS PERCENTILES

Condition 1: Subject wearing unpressurized suit but barehanded.

Condition 2. Subject wearing unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition I Condition 2 Condition 3

C*W*qrf ?ti*," L Inwd i wes Ceriknmtu ?wcewtaies inch", Cg rantow Pavengties hseAM
32.11 95 TH 12.64 32.87 95 TH 12.94 34.09 95 TH 13.42
31.83 90 TH 12.53 32.72 90 TH 12.88 33.91 90 TH 13.35
31.44 85 TH 12.38 32.47 85 TH 12.78 33.72 85 TH 1327
31.05 80 TH 12.22 32.21 80 TH 12.68 33.51 80 TH 13.19
30.87 75 TH 12.08 31.98 75 TH 12.58 33.30 75 TH 13.11
30.32 70 TH 11.94 31.72 70 TH 12.49 33.07 70 T1 13.02
29.97 65 TH 11.80 31.50 65 TH 12,40 32.83 65 TH 12.93
29.64 00 TH 11.67 31.28 00 TH 12.32 32.58 80TH 12±83
29.32 55 TH 11.54 31.07 55 TH 12.23 32.33 55 TH 12.73
29.00 50 TH 11.42 30.87 50 TH 12.15 32.00 50 TH 12.62
28.69 45 TH 11.29 30.87 45 TH 12.08 31.77 45 TH 1I51
28.38 .0 TH 11.17 30.48 40 TH 12.00 31.48 40 TH 12.39
28.08 35 TH 11.05 30.28 35 TH 11M. 31.17 35 TH 1227
27.77 30 TH 10.93 30.08 30 TH 11.84 30.84 30 TH 12.14
27.45 25 TH 10.81 29,87 25 TH 11.70 30.50 25 TH 1.01
27.13 . 20 TH 10868 29.64 201TH 11.V7 30.15 2D TH 11.87
20.79 15 T11 10.55 29.37 15 TH 11.58 29.80 15 TH 11.73
28.43 10 TH 10.40 29.04 10 TI 11.42 29.49 10 TH 11.81
20.02 5 TH 10.25 28.19 5 TH 11.18 2944 5 TH 111

Pmeretage lncrvast of the Peffmulag. I ncvew of Afs
ind•i•ual Df•yence (Averaged) Mee=

Cofdtk'e I sa 56 Coad Woe I a 5"r

Condition 2: 8.26% Condition 2: 803%
Condition 3:10.22% Condition 3: 9.90%
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Fist Circumference
A measure of the circumference of the tight fit taken over the
knucides

HUMAN ENGINEERING APPUCATIONS

For- i) Determination of the reinimum dimensios of apertures and workspaces designed to ac-
cept a man s fist

DESIGN CRITERIA

Number of inches necessary to include or accommodato approxlmately 95% of USAF rated
peronnel:

Barthanded Unpremsriud Pysuriwd

123/ in. 13 n 13½ in.
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Range of Values for
Fist Circumference per Glove Size

Iktas (CM)
9.00 10.00 1 [00 12.00 13.00 14.00

(22.86) (25.40) (27.94) (30.48) (33.02) (35.56)

oLOVE SIZE

A - -4

I.'

C

t--- --

C I-- --

F -

S--- -4

H
N N

I I-

-. 4

1-4

-.- AJREHANDED
U:PRSSURIZEO---

-PRESSURIZED

41
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FINGER BREADTH;
01Gff 2

Subject's right index finger is in-
serted into a serie of graduated
bol. Reord the dianeter of the
hol. which most closely approxi-
mates the maximum breadth of
the finger.

ANT METRIC DATA (N = 27)

Condltlio 1: Subject wearing unpressurlzed suit but barehanded.

Condition 2. Subject wetting unpressuized suit and gwves.

Conditlm 3. Subject wearing suit and gloves pressurized to 3.5 psig.

Coeition I Condition 2 Condition a

X. 2.04 cm. 0.80 in. 2.37 cm; 0.93 in. 2.57 cm; 1.01 in.

SD: 0.2 cm; 0.05 in. 0.11 c€n; 0.05 in. 0.17 cira 0.01 in.

VS:5.87 4.84 8.48



FINGER BREADTH;

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressutized suit but b&.etumded.

Condition 2. Subject wearing unpressirize-4 suit and glo.s.

Condition 3. Subject wearing suit and glov-.i presurized to 3.5 pslig

Condition I Condition 2 Conditio 3
Cq%~#fwte ?.rcewd"iue nch", Cwa~netm Peft-entaies inches Ceaniwuw, ?.fvwmhlu Inches

2. 5 5 TH 0.88 2.55 95 TH 1.00 2.82 95 TH 1.11
2.23 90 TH 0.88 2.53 90 TH 1.00 2.73 9D TH 1.08
2.21 85TH 0.87 2.51 85TH 0.99 2.70 85"TH 1.06
2.10 80TH 0.83 2.48 80TH 0.98 2.68 8O0TH L05
2.09 75TH 0.2 2.46 8 75TH 0.97 .06 75 TH 1.05
2.09 70TH 0.82 2.45 70TH 0.96 2.84 70TH 1.04
2,08 85TH 082 2.43 65To 0.96 2.03 8 TH •.o3
2.08 00TH 0.82 2.41 ODTH 0.95 2.81 O'TH 1.03
2.07 5 TH 0.82 2.40 55TH 0.94 2.00 W TH 1.00
2.07 50 TH 0.81 2.38 5D TH 0.94 2L 50 TH 1.01
2.06 45 TH 0.81 2.37 45 TH 0.93 2.8 45 TH 101
2.00 40 TH 0.81 2.35 40THi 0.93 2.S4 40 TH 1.00
2.05 35 TH 0.81 2.34 35 TH 092 251 35 TH 0-99
1.94 30 TH 0.77 2.32 30 TH 0.91 2.48 3D0TH 0.98
1.94 25 TH 0.70 2.30" 25 TH 0.91 2.48 25TH 097
1.93 20 TH 0.76 2.29 20 TH 0.90 242 20 TH 0.95
1.92 15 TH 0.76 2.27 15 Ti! 0.89 239 15 TH 0.94
1.91 10 TH 0.75 2.24 10 TH 0.88 2.3 10 TH 0.93
1.91 5 TH 0.75 2.19 5 TH 0.88 TH 0.93

Pemnugje l"cfcas of thse ?enruclde Iftewww of Ath
Indkvdual D :rew es (Auveged) WOW

Coftdvoa m I u as saw mdtimm I W &do

Condition 2: 18MS1 Condition 2. 18.16
Conditiow 3: 26.41% CmoJ~ion 3: 2&%8%
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Finger Bmedth; Digit 2
The mazimlmu breadth of The index finger

HtMA OANMMG APPftKArONS

For- 1) Sfring of spartum to permit entfry of the Lodez fingar

2) Detemnstkion of mnwanum Alstaa. betwm control buttws

DESIGN COMMt2A

Number of inches onry to loclaxle ot aowumidaoe &ppjfoma*c~ 95 ci US"F lata

Bweha&ad4 U"Mpmow~zd nmta

I in.li. VU



Range of Values for
Fingor Breadth; Digit 2 por Glove Size

0.O Goo 0.90 LOo UG L20
(1.70) 2-03) 12_29) (254) (29) (3.05)

GLOVE S•ZE
A I- ...-. 4

• I- ...

¢ I- -4
A

C I

CI---- .

I-

, p, I

0

II

N I

J

APHAXOCO

LI .... - WW S4h O

I. ___I____ -

4.5



FRNGER BREADTH;
DIGIT 3

'.11'

Subjects right middle finger is
inserted into a series of gradu.
ated holes. Record the diameter
of the bole which mc-st closely
approximates the maximum
breadth of the finger.

ANThROMOMETIC DATA (N= 27)

Condition 1: Subject wearing unpessurzed suit but barehanded,
Condition 2. Subject wearing unpressui-zed suit and gloves.
Condltion 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition ( ,ondition 2 Condition 3

f2.00 cm; 0.82 in. 2.42 cm, 0.95 n. 2.62•cm; 1.03 in.
SD: 0.13 cm; 0.05 In. 0.12 cm; 0.05 in. 0.16 ra; 0.06 in.
V%: .808 495 8.04
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FINGER BREADTH;
DIGiT 3

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTIULS

Condition 1: Subject wearing unpressurized suit but barehanded.

Condition I Subject wearing unpressurized suit and gloves.

Condltioa 3: Subject wearing suit and gloves pressurizod to 3.5 psig.

Cond/.fon I CoWdition 2 Condio 3

Cofeemiav mewitian Mihe Ctwi*r*mPngvsFrmtla, IndAm Cofhtknw eftanucamda Incih"
2.25 95 TH 0.89 2.5, 95 TH 100 2.84 95 TH 1.12
2.24 90 TH 0.88 2.54 90 T11 1.00 2.77 90 TH 1.09
223 85 TH 0.88 253 85 TH 1.00 2.73 85 TH 1.08
2.23 80 TH 0.88 2.53 80 TH 1.00 2.71 80 TH 1.07
2.22 75Th 0.87 2.52 75 TH 0.99 2.70 75 TH 1.08
2.1 70 TH 0.87 2.52 70 TH 0.99 2.J9 70 TH 1.06
2.21 65 TH 0.87 2.5i 65 TH 0.90 2.67 65 TH - 1.05
2.20 60 TH 0.87 2.50 60 TH 0.99 IM0 60 TH 1.05
2.09 55 Th 0.82 2.40 55 TH 0.94 2.65 55 TH 1.04
2.00 50 TH 0.82 2.39 50 TH 0.94 2.63 50 TH 1.04
2.08 45 TH 0.82 239 45 TH 0.94 6.61 45 TH 1.03
2.07 40 TH 0.82 2.38 40 TH 0.94 2.60 40 TH 1.02
2.07 35 TH 0.81 2.37 35 TH 0.93 2.58 35 TH 1.01
2.06 30 TH 011 2.37 30 TH 0.93 2.55 30 TH 1.00
2.05 25 T7 0.J1 236 25 TH 0.93 .52 25 TH 030
1.94 2 TH 0.77 2.38 20 TH 0.93 2.49 20 TH 0.98
1.93 15 TH 0.70 2.35 15 TH 0.93 246 15 TH 0.97
1.92 10 TH 0.7e 2.23 10 TH 0.88 241 10 TH 0.9.
1.91 5 TH 0.75 2.22 5 TH OM8 2.35 5Th 0.93

Percentage Intcyea of the Pmcentage lftmrG of ht,

lvthOddW" Differences (Amunged) Mean,
Cooda" I at 8g4m Ccw~iim I au Base

Coadltion 2: 15.&% Condition 2.15.79%
Conition 3: 2.5.67% Cooditiom 3: 253ftS
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FRngor Breadth; Digit 3

Th maximn brea-th of the mid&e finger

HUMAN ENGINEING APPUCATIONS

For - 1) Sizing of apertures to permit entry of the middk finger
2) Dsetemli of minimum dbtnce bet-wee control buttons

DESIN CRITERIA

Number of Inches ne*ssary to include or accoammodte approximately 9•% of USAF rated

Boaand4d Unpfriwrzed pfrt.mrix

Sun. l1i I ¼in.

.4_
. 48

II



Range of Values for
Finger Breadth; Digit 3 per Glove Size

0.70 8o 0o90 1.00 1.10 1.20
(I.78M (2.03) (2.29) (2.54) (2.79) (3.05)

GLOVE SIZ:ý!
Al

o I.

a~ -- 4-4
E -....- -

0 g-

F
C -------------

I UNRSUR E

- -

SK .... UPRESSURitEO I

,I-4 -

I
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GRIP BREADTH;
INSME

- 21
Subject holds a cone at the largest
circumference that he can grasp
with his thumb and middle fin-
gen just touching. lHeoxrd the di-
ameter of the cone c-rm.sponding .

to this maximitm cir..unference.

ANTHROPOMETRIC DATA (N = 27)

Condition 1: Subject wearing unpressurized suit but barehanded.

Contion Z Subject wearing unpressurized suit and gloves.

Condition 3: Suhject wearing iuit and gloves pressurized to 3.5 psi&

ConL'ion I Condiiou 2 Co /iton 3

4.87, cm, 1.9 In. 4.37 cm; 1.72 in. 4.03 cm; IM In.

SD 0.41 cm, 0. 18 In. 0.40 cim; 0.16 Ia. 0.47 cm; 0.19 in.

VS: 8.33 G.12 11.70

so
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GRIP BREADTH;
INSIDE

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized -uit hut barehanded.

Condition 2: Subject wearing unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Conditon I Condition 2 Condition 3

Centtknetert Fe•enwle, Inchel Cenifietm Pevcenttles Inehes C#,,netm Pr'centiles Inche,
5.55 95 TH 2.19 5.16 95 TH 2.03 4.83 95 TH 1.90
5.48 90 TH 2.16 5.03 90 TH 1.98 4.74 90 TH 1.86
5.39 85 TH 2.12 4.90 85 TH 1.93 4.63 85 TH 1.82
5.30 80 TH 2.09 4.79 80 TIH 1.88 4,3 80 TH 1.78
5.22 75 TH 2.06 4.68 75 TH 1.84 4.43 75 TH 1.74
5.14 70 TIH 2.02 4.60 70 TH 1.81 4.34 70 TH 1.71
5.07 65 TH 1.99 4.52 65 TH 1.78 4.26 65 TH 1.68
4.99 60 TH 1.97 4.44 00 TH 1.75 4.18 60 TH 1.65
4.92 55 TH 1.94 4.38 55 TH 1.72 4.10 55 TH 1.62
4.86 50 TI! 1.91 4.32 50 TH 1.70 4.03 50 TH 1.59
4.79 45 TH 1.89 4Z 45 TH 1.68 3.96 45 TH 1.56
4.72 40 TH- 1.86 4.21 40 TH 1.66 3.89 40 TIT 1.53
4.66 35 TH 1.83 4.17 35 TH 1.64 3.82 35 TH 1.50
4.60 30 TH 1.81 4.12 30 TH 1.62 3.75 30 TH 1.48
4.53 25 TH 1.79 406 25 TH 1.00 3.68 25 TH 1.45
4.47 20 Tni 1.76 4.03 20 TH 1.59 3.60 0) TH 1.42
4.41 15 TH 1.74 3.98 15 TH 1.57 3.51 15 TI 1.38
4.30 10 TH 1.72 3.91 10 TH 1.54 3.40 10 TH 1.34
4.32 5 TH 1.70 3.75 5 TH 1.48 3.23 5 TH 1.27

Psrcera e Incmaw of the Percentage InceW of the
Indicidtaal Diffeueives (Atverged) Means

Co~4tift I ua8a. cov'4tmom Iu as aw

omdition 2: 10.08% Condition 2:10.27%
Condition 3: 17.24% Cmhdiobi 3: 17.6%
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Grip Breadth; Inside
The diameter of the largest cyhinder that a man can completely
enclose with the tips of his thumb and middle finger

HUMAN ENGINEERING APPLICATIONS

For- 1) Determination of the maximum diameter of rod shaped or cylindrical objects which a
man can completely enclose with the fingers of one hand; for instance, handles, struts,
building materials

DESIGN CRITERIA

Number of inches neosary to include or accommodate approximately 95% of USAF rated

Bamt nded Unpre tua d Prus~r{ed

1½ in. 1V in. IV4 i n.
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Range of Values for
Grip Breadth; Inside per Glove Size

1.00 (.50 2.00 w.50

(2.54) (M.o) (5e) (6.55)

"OLOVE SIZE
A * I

--- 44

L m-----4

Ci

* 1

.14

i F.---

4 .. . . ...

L -- -- UPRtSSURZZE0--- P0ssuMIZto
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GRIP BREADTH;
OUTSIDE

Subject hols a cone at the Largest
cirumference that 1w can grasp
with his thumb and middle finger L,
just touching Using the sliding
caliper, owmu from the inter-
phalangeal joint of the thumb to
the uckle of the middle finger. f

11

ANTHROPOMETRIC DATA (N=27)

Comditiou 1: Subject wearing unpretsurized suit but baemhadod.

Condition I~ Subject wearing wnpressuulze(1 suit a&d gloves.

Comditioa 3. Sub foc wearing suit aii glov~es pwesurized to ZL5 psig.

Crfftiosm 1 Coodirion 2 Coadiamo 3t

10$57 cm, 4.18 In. 1019 cm; 4-21 in. 11.80 ca; 4.64 in.

SD: 0.7T cm, 0.30 In. 0a73 cm 0.2D Lm. 11I cm; 0.44 in.

34
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GRIP BREADTH,
OUTSIDE

ANTHROPOMETRIC DATA EXPRESSED AS P.KuiNiLES

Condition 1: Subject wearing unpressurized suit but ba-zhanded.

Condition 2: Subject wearing unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressutized to 3.5 psig.

Condition i Condition 2 Cond•Ition 3

Ceu*tmtrsee Fevce"ite Inch*#j Ceom#tUte Pemcemtle, lucthe CO ntm ?eesmlu"a Inch"
11.75 95 TH 4.62 11.70 95 TH 4.61 13.71 95 TH 5.40
11.42 90 7h 4.50 11.5, 90 TH 4.55 13.30 90 TH 5.24
11.28 85 TH 4.43 11.47 85 TH 4.52 13.03 85 TH 5.13
11.10 80 TH 4.39 11.40 80 TH" 4.49 12.81 80 TH 5.04
11.07 75 TH 4.36 11.33 75 TH 4.46 12.01 75 TH 4.97
10-99 70 TH 4.33 11.25 70 TH 4.43 12.43 70 TH 4.89
10.92 65 TH 4.30 11.16 65 TH 4.39 12M 65 TH 4.83
10.84 60 TH 4.27 11.07 60 TH 4.38 12.10 O0 TH 4.76
10.76 55 TH 4.24 10.9P 55 TH 4.32 11.94 55 TH 4.70
10.68 50 TH 4.20 I0.M 50 TH 4.27 11.78 50 TH 4.04
10.59 45 TH 4.17 10.73 45 TH 4.22 11.62 45 TH 4M58
10.49 40 TH 4.13 10.60 40 TH 4.17 11.48 40 TH 4.51
10.38 35 TH 4.00 10.45 35 TH 4.12 11.30 35 TH 4.45
10-26 30 TH 4.04 10.30 30 TH 4.05 11,13 30 TH 4.38
10.13 25 TH 3.99 10.13 25 TH 399 10.95 25 TH 4.31
998 2D TH 3.93 9.95 20 TH 3.92 10.77 20 TH 4.U4
9,80 15 TH 3.86 9.76 15 TH 3.84 1039 L5 TH 4.17
9.58 10 TH 3.77 958 10 T11 3.77 10.41 10 T 4.10
9.33 5 TH 3.7 9.52 5 TH 175 10.31 TH 4t0o

PEn-etole Irnefftsse of Ath ?ecwfq*W f&Wz of t4~
Inditdluwl Diff•enre (A vewg ,ed) m nana

Coa4ilim 1 4W aUm C. ftmcmia I ft Bowe

Condition 2: 1.3rt% CondrlatIm : Mi.i,
Condition 3: 11.63% Cuaditicm 3: 1I.M41
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Grip Breadth; Outside

The maximum distance across the most protrud;ng joint of the
thumb and middle fingers with the hand grasping ad completely
enclosing a cone at the largest diameter possible

HUMAN ENGINEERING APPUCATIONS

For - 1) Determnatiun of the minim- size of apertures to be enter•l by the hand while grasp-
ing a cylindrical object

2) Minimum clesnxe required b•yond the range of movable handle to acommodate
the hand

DESIGN CR1ITA

Number of inches neocssy to inchide og vommodate appmxWinatl9 of USAF rated

43/ in. 43A in. 5½in.
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Range of Values fcr
Grip Breadth; Outside per Glove Size

hes (cm,)

3.00 3.50 4.00 4.50 So00 86
7.62) (889) (10.16) (11.43) (12.70) (13.97)

GLOVE SI
A "4

o F - 4 _.

cH

0 I--

6 i

1-4

'-4

H
"I I.-- .

L .... UNPRES$•u~qZc.DI _._ __
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FINGER TIP SPREAD;
DIGITS 2-3

|-

Subject's right hand is extended.
palm down. Subiec" maximally

spreads digits 2 and 3. With
sliding caliper, measure the dis.
tance in the region of the finger-
nail from the thenw, side of digit
2 to the hypothevda side 4 digit I

ANTHAOPOMETAIC DATA (N= 27)

Coodition U Subiet weating unpressurized suit t buthanded.

Condtion 2 Subject waring unpeessuuzed suit and gJ,wm.

G0Dit/oo 3: Subhmt wevig suit and Sloves prei•-edrt to 3.5 psiag

Cownla l Conditoui 2 Coflito, ,

•'9 027 cvn; 3M6, to- am5 cm:. 3, in, 7.51 cme; 1968 In.

SD: I7MnM; 0.62 in. 0.90 CM. 09 ILa. 1.05 cMt 0.41 i.

VI: law li-. MW

a



FINGER TIP SPREAD;
DIGITS 2.-3

ANT1ROPOMETRIC DATA EXPRESSED AS PERCENTILES

Comdition 1: Subject wearing unprmss.irizcd suit hut barvbnhac

Conditiona 1 Subject wearing unpressurizAd suit and gloves.

Conditioa 31 Subjct w.aring suit and gloves pmwuriazid to 3.5 psig.

Conditio I Conditji 2 Cotaition 2
Ceftleft'm Pmintaewi ImcAts cVW~ Perode In4a MAre Cfu~w~cmy ? ~aalef lack"~

11.95 95 TH 4.70 9.72 9b Tit 3.83 9.03 95 TH 31W
11.52 90 TH 4.54 9.64 90 TH 3.80 8.3 90 T1 3.44
11.12 85 TM 4.38 9.54 8M Ti 3.76 8.52 85 Tit 3.38
10.77 80 TH 4.24 9.43 80 TM 3.71 8.35 80 Th 3.5-
10.48 75 TH 4.12 9.32 75 TM 3.67 &19 75 Tit 3.23
10.17 70 TH 4.00 9.19 70 "n 3.62 8.05 70 I'll 3.17
9.90 6,5 T. I i _ 3WC7 % 8T 3-57 7.91 65 T'h 3.11
%f.3 80 TH 3,80 8.94 60 TH 3.52 7.17 00 Th 308
9.41 55 TH 3.71 &80 55 TH 3.40 7.63 55 TH 3S00
9.18 50 TH 362 8.60 50 'M 3.41 7.49 % hi 2.95
8.96 45 Tt 3.53 851 45 TH 335 7.35 45 T 2.89

75 40 TV 344 &35 40 TH 3.29 721 40 TH 2.84
8.53 35 Ti 3.38 8.1 35 TH 3,22 7.08 35 TH 2.78
8.321 30 TIt 3.123 801 30 TMi 3.15 8.90 30 Tit 2,72
8&10 25 TM 3.19 7.81 25 Tit 3.08 8.75 2S Ti 118
7.1 2) T111 3.10 7.60 2D TMi 2.99 s58 2) Tit 2.5
7.81 15 TH 300 7.37 15 Ti 1.0 6.41 15 Ti 1.52
U.9 10 TIt 2.87 7.12 10 TMi 2.80 6-24 10 T1 2.48
"81 5 TH 2.68 W 5 TH Z"0 U.13 5TH 142

eftvsmtrtoge fleneamof* dth Pmewooruc Decref.w of dte
laditdf1 LW5"twnce jAtvts@~td) ta

Conditionl 2: 1)% Condition 2: T,96%
Coonition 3: IT0, Cuodif 1 .3: 8•,%
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Finger Tip Spre,2; Digits 2-3
SThe greatest distar-ce which a rnyi can spread his index and
middle flrngerx. the measured distance includes the two finger tips

HUMAN ENGINEERING APPUCATIONS

For - 1) Maximum distance between two push buttons designed for simultaneous operation by
digits 2 and 3

2) Maximum distance between two toggle switches designed for simultaneous operation
by digits 2 and 3

3) Maximum distarce between two finger rings or hooks designed for simultaneous opem-
tion by digits 2 and 3

DESIGN CRITERIA

Number of inches necessaxy to include or accomnmxoate ap:.roximately 95% of USAF rated
personnel:

Bare handed Unipfessurizzd Preurizwd

22½ in. 2½ in. 2'4A in.
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Range of Values for
Finger Tip Spread; Digits 2-3 per Glove Size

inchet (cm)
2.00 250 300 350 4.00 4.fO 500

(5.08) (6 35) (762) (889) (1016) (II4:) (12 10)

GLCVE SIZE

A -

I-- ---

1---A

- - -, - - - - - -4

C --- 4

0 1-----4

C I~~~F-----------

BAR-*-*E *-4

•- -- - .- -. -

I,-- . .. ...- 4
F I-- -...4

_ _-- ..-4

N I-.--
iK

--- 4

L U---- --P --

--. -. -..-- 4

_J - -4 A [ ANC ' " . .

=---- --8AUNPR[$1('C [0 -"*.. *-' 4
I --- PfRCSSdl9tIC0 •-
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FINGER TIP SPREAD;
DIGITS 2-4

.--2

/9

Subject's right hand is extended,
palm down. Subject maximally
spreads digits 2 and 4. With slid.
ing cali.ier, measure the distance
in tb!:. region of the fingernail
from the thenar side of digit 2
to the hypothenuar sWe of digit 4.

ANTHROPOMEnUC DATA (N= = ;)

Condition 1: Subject wearing unprseu•ri•x suit but bareLhnded.

Conditio 2: Subject -,*caring unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressuuized to 3.5 paig.

Condiam 1 Condifion 2 Condalota 3

12-3 cm. 4.88 in. 11.76 cm, 4.63 in. 10.47 cm, 4.12 in.

SD: 1.83 cm. 0.4 in. 1.27 cm 0.50 im. 1.08 cm. 0.42 in.

13.21 10.81 10.29
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FINGER TIP SPREAD;
DIGITS 2.4

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wear ng unpressurized suit but barehanded.

Condition 2, Subject wearing unpressurized suit and gloves.

Condition 3. Subject wearing sui. and gloves pressurized to 3.5 psig.

Condition 1 Condition 2 Condition 3
Ceimetens Pcew.dUei Inches COW" fatef# Pfenggil Inches C#Wt~vtmt nv Penmr . Inache

14.65 15 TH 5.77 13.t 95 TH 5.37 12-57 95 Th 4.95
14.60 90 TH 5.75 13.37 90 TH 5.20 11.88 90 TH 4.68
14.25 85 TH 5.61 13.1-0 85 TM 5.16 11.57 85 TM 4.56
13.89 80 T1t 5.47 1218 80 Th 5.06 11.38 80 TH 4.48
1356 75 TH 5.34 12.64 75 TM 4.98 11.23 75 TH 4.42
1326 70 TH 5.22 1ý45 70 TM 4.90 11.09 70 TM 4.37
12.99 65 TH 5.11 12.28 65 TH 4.84 10.96 65 T"" 4.31
12.75 60 Th 5.02 12.i2 0 TH 4.77 1082 0 TH 4.28
12.54 55 Tit 4.94 11.9Q 55 TH 4.71 10.68 55 TH 4.21
12-35 50 T7; 4.86 11.83 50 TH 4.68 10.53 50 TH 4.15
1218 45 T! 4.80 11.69 45 Tit 4.60 10.37 45 Th 4.08
12.03 40 Ti 4.73 11.55 40 TM 4.55 10.20 40 Tdi 4.02
11.88 35 T!l 4.68 11.41 35 TH 4.49 1002 35 TM 3,94
1173 30 TH 4.62 11.25 30 TH 4.43 9.81 30 TI" 3.86
IIS 2.5 TM 4.55 11.06 25 TM 4,36 9.59 25 Th 3.78
1135 20 TH 4.47 1083 20 TH 4.27 9.36 20 TH 3.68

1i.04 15 Ti 4.35 10.52 15 TH 4.14 9.11 15 TH 3.59
1048 10 Tit 4,19 1002 10 TH 395 8.87 10 T"i 349
8.96 5 Th 3m3 8.95 5 Th 353 8.83 5 Th 3,48

Pm'entare Derefac of the Prr•cwnde Dtctre•e of the

Indiriduwl Dttffte:e- (Atvrgrd) Meafu
Co,,duika I at B&*W C~ILaWR I as *

Condition 2: 4.06% C06dtio-i 2: 4A62%

Conditdon 3. 13.85% Condimn 3: 15.09%
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Finger Tip Spread; Digits 2-4

The greatest distance which a man can sprk ad his index and
ring fingers; the measured distance includes the two finger tips

HUMAN ENGINEERING AWIJCATIONS

For - i) Maximum distance between two push buttons designed for simultaneous operation by
digits 2 and 4

2) Maximumn distance between two tn'gg¢ switches desigred for sim-ultaneous operation
by digits 2 and 4

3) Maximum distance between two finger rings or hooks designed for simultaneous opera-
tiou by digits 2 and 4

DESIGN CRITERIA

Number of inches necessary to include or accommodate approximately 95% oi USAF rated
personnel:

Bairhaded UnpriPasu ftd Pre su.:d

3½ in. 3½% in. 3V/4 in.

84
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Range of Values for
Finger Tip Spread; Digits 2-4 per Glove Size

300 400 5.00 6.00
(7.62) (1016) (12 70i (15.24)

GLOVE SJZE

A

B ---- -------

0

-A

F '- .. . .--

6 65

I I--------------

o --- 4 _

.-.-----

.--

I ----fP iSuRlC

-Pl($UIU

J6



FINGER TIP SPREAD;
DIGIT 2 -5

•~ . •

Subie<t's right band is extended,
palm down. Subjlo maximally
spreads digts 2 and 5. With slid- ,
ing cliper, aeasure the distance I
in the region of the fingernail
from the thenar side of digit 2
to the hypothenar side of digit 5.

ANWThIOPOMErUC DATA (N= 27

Condition 1: Subect -veari unpressurized suit but barehanded.

Cmdition 2. Subt=.t wearing unprtssuriznd suit and gloves.

Condtion 3I Subject wearing suit and gloves pressurizeJ to 3I p4

Condiuion I Coadiflo, 2 Condirto 3

18.13 cm; 6.35 In. 15.19 cm. 5.98 in. 13.04 cm. 5.13 in.

SD: 1I 0 cm. 039 in. 1.49 cal OZ9 in. 1.3 cm. 0.5.4 i
VS: g.32 0.83 10.43

iom



FINGER TIP SPREAD;
DIGITS 2- 5

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized suit but harehanded.

Condition 1. Subject wearing unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pres,,trized to 3.5 psig.

Condition I Condition 2 Condition 3
CW&lme•en Pecved In ch•1e Centimem PmfWatsi, Iftee Cfwwy Petiks.t lcwhAs

18-20 95 TH 7.18 17.07 95 TH 6,72 15.48 95 TH 6.09
17.80 90 T11 7.01 17.00 90 TH 6.69 14.67 90 TH 5.78
17.52 85 TH 6.90 16.71 M TH 6.58 14.35 85 TH 5.65
17.30 80 TH 6.81 16.41 80 TH 6.46 14.16 80 TH 5.57
17.11 75 TH 6.74 18.14 75 TH 6.38 14.00 75 TH 5.51
16.94 70 TH 6.67 15.91 70 TH 627 13.88 70 TH 5.48
18.78 65 TH 6.61 15.71 65 TH 6.19 13.72 65 TH 5.40
16.62 80 TH 655 15.55 60 TH 6.12 13.57 60 TH 5.34
16.47 55 TH 8.49 15.40 55 TH 6.08 13.41 55 TM 5,2
18.32 50 TH 6.42 1527 50 TH 6.01 13.23 50 TH 521
18.15 45 TM 8.38 15.18 45 TI 5.97 13.03 45 TH 5.13
15.98 40 TM 6.29 15,06 40 TH 5.93 12.81 40 TH 5.04
15.80 35TH 8.22 14.98 35 TH 5.89 12,57 35 TH 495
15.58 30 TH 614 14.8I 30 TH 5.84 1129 30 TH 484
1533 25 TH 0.04 14-70 25 T11 5.79 11.99 25 TH 4.72
150'2 2D TH 5.91 14.49 20 Tit 5.71 1184 20 TH 4.58
1462 15 TH 5.75 14.14 15 "i 557 1127 15 T11 4.44
1400 10 THi 5.51 13.42 10 TM 529 10.87 10 TH 4.28
1.85 5 TH 5.00 11.52 5 TH 4-53 10.60 5 TH 07

Perrrweage Dend ofM • fhe Pmnt-mge Dexef e of the
Indrid,,al Diftrences (Averoged) Means

Condition 2: 5 62% Cndition 1-,. 5.53%
Co•nditWo 3: 188% Condition 3: 19.16%
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Finger Tip SFioad; Digits 2-5
The greatst distance which a man can spread his index and
little fingers; the measured distance includes the two finger tips

HUMAN ENGINEERING APPUCATIONS

For - 1) Maximum distance between two push buttons designed for simultancous o•eration by
digits 2 and 5

2) Maximum distance between %wo toggle switches designed fo simultaneous operation
by digits 2 and 5

3) Maximum distance between two finger rings or hooks designed for simultaneous opera-
tion by digits 2 a*d 5

DESIGN CRfTERLA

Numhenr of inches nr.ess&%y to include or accnmaod'e approximately 5% of USAF rated
ersonweh

Barvhamdtd Unpresrured Preswri:&d

5 in. 4½ in. 4 in.

!38



Range of Values for
Finger Tip Spread; Digits 2-5 per Glove Size

inch., (cm)
4.00 5 o0 6.00 700 800

(10.16) (12.70) (IS 24) (1 78) (20.2)

GLOVE SIZE

I-.--4

A - -
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I -__ -_____

1---,,----

I---.

O I---

I -- -.-

C I-- - ---4

K .... MAI•Z$ ZE0 1-- - 4

---.4
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HAND SPREAD;
MAXIMUM

Subject exteris his right hI'a nd
and spreads all five digits as far
apait as possible. With a shding
or beam caliper, measure the f

maximum spread from the thumb

p

ANTHROPQMETImC DATA (N 2)

Condition 1: Subject wearing unprssurized Luit but barehanded
Coindition 2. Subject wearing unprelsurized ruit a Onvet

CondhLM 3. Subicect weadring suit WAd glve pressuirvd to M~ psig.

CondUiom I Co, udiliof 2 Codiiom 3

3r- 21.53 cm. 8.47 in. 19.4A C"v, 7-68 in. 17.02 cm* V.To in,
SD: .4 cm. 0.81 in .- T , 0-'Q in. 4258cw.0. i.
V7.1 7.18

to



HAND SPREAD;
MAXIMUM

ANTH4OPOMETRIC DATA EXPRESSED AS PERCENTILES

Cm••oition 1: Subject wearing unpressunzed suit but barehanded.

Condition 2. Subject wearing unpressun.ed siit ant gloves.

Condition 3I Subject wearing suit and gloves pressurized to 3.5 psig.

Condition I Condi.n 2 Condtion 3

Cawdmnwa1 ?Pftewe Inch$# C4w*AmU,l Fere~wjile Js0.Ats Ctwimwm tef,?tcwstdo Inches
?4.04 95 TH 9,40 21.69 95 TH 8.54 19.48 rS TH 7.07
23.67 90 TH 9.32 21.V 90 TI 8.37 1922. 90 TH 7.57
23.32 85 TH 9.18 21.03 85 TH 8.23 18.90 85 T111 7.44
23.00 80 TH 9.Oa 20.84 80 TH 8.20 18.58 80 T11h 7.31
22'71 75 TH 8.94 20.06 75 TH 8.13 18.27 75 TH 7.19

244 70 TH &84 20.49 70 TH 8.07 17.98 70 TH 7.08
22.19 65 TH V74 20.32 65 TH 8.00 17.70 65 TH 6.97
21.95 e0 TH &84 20.14 60 TB 7.93 17.43 OD TB 6.88
21,72 55 T" 8,55 19.95 55 TH 7.85 17.17 55 T" 8.78
21.49 0 TH 840 M741 50 TH 777 18-91 50 TH 6.66
21.27 45 TH 8.37 19.52 45 Ti 7.9 1.68 AS TB 858
-21.05 40 TH 8.29 19.29 60 Ti 7.39 16.41 40 Ti 86.13
2083 35 TH 8.20 1903 35 T1 749 18.16 35 TI 8.38
20.80 30 TH &I1 18.74 30 TH 7.38 15.91 30 Tit 8.27
2036 25 1B 8.02 18,43 25 TI! 7." 15.68 25 TH 8.17
20.10 20111 7.91 18.08 2) TB 7.11 15.40 20 TH 8.08
19,1 15 111 7.60 17.64 15 TH 8.95 15.13 15 TH 5.96
19.43 10 Ti 7.66 17.15 10 TB 8.75 14.A3 10 TH 584
M&91 5 TB 7T 1 5 TH 8.52 14.51 5 TB 5.'1

Pervcdrnoe DrCredwr of the, penvctw1l~e Dftrram of the
Indiviua Dtfferrmes(Aevamt4t) Ma

C0t4diew I an kit Cccde.N i U S&w

Condsifoi 2: 9-41% Condition2: . .l1%
Comh ion 3: 0.84% Condition 5: 30.951
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Hand Spread; Maximum
The marn-.um distance (width) from thumb to bttle finger of
the .ompetely srad hand

NUMAENG*NE0INO APPUCATIONS

For - 1) Detamdnatcou of the maximumn dietance between buttons or controls designed to be acdi
-sted %iVU.l~teouJly by the thumb And little finger

2) Deterrmintion of general wwkspace clwaance where the hand will oprate at vvious
degrees of spreod including aim

DlOWN (211fl1

Number of inon absay to includt or accomaim te aPPFroImattlY 5% of USAF mrtd

Forvkatko, 71 in. 6½in. s½ in.

Fr•, io 9½ %i. 8% ilL. 7 in.
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Range of Values for
Hand Spread; Maximum per Glove F-,

WA". (CM)
500 &00 700 6:00 9.00 ,

112.70) (15.24) (7?1 (20.32) Wz:.: (2.401

GLOVE SI -

I---.
*I

C )--4

A 1ý ----- 4

0

'-4

•, .. - . -

N I--4

PRESSU1F11(O

J -73



MAXIMUM ROTATION;
SUPh •ATION

Subjec-t extends his right hand
gnd sprs the knob on the rnas.

uring instriment between his
thumb and forefinger. Subject , -

then retates the knob to his right, .
using only his hand, wrist, and
trrm, until he achieves naximum
supination of his right hand. .- " j

ANTHROPOMETRIC DATA (N = 27)

Condition 1: Subject wearing unpresurized suit hut barehanded.

Condition 2, Subject wc•ing unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 psl%

Cordition I Condition 2 Conditiom 3

221.,7" 18352" 120.19"

SD: 33,03" 35.3 27.30"

V%: 14.90 18.,8 22.03
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MAXIMUM ROTATION;
SUPINATION

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1. Subject wearing unpressudized suit but barehanded.

Condition 2: Subject wearing unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3S, psig.

Condition I Condition 2 Condition 3
DegTtm Pbenftel, Deae,* Pfrc.de* Degree. Pecrm iee
2805.4 95 Tt 239.07 95 11t 151.27 95 TH
284.10 90 TH 237.50 90 T11 151.12 90 Ti
255.97 85 TH 230.44 85 TH 147.89 85 TH
250.54 80 TH 222.8 80 TH 144.18 80 TH
245.60 75 TH 215.46 75 TH 140.35 75 TH
241.28 70 TH 208.56 70 TH 1386.84 70 TH
9n.06 &5 5T1 202.11 65 TH 13300 65 TH
=32.82 60 TII 196.13 00 TH 129.46 80 TM

228.48 55 TH 190.57 55 TI! 128.00 55 TH
22.3.89 50 TH 185.34 50 111 12233 50 TH
219.05 45 TH 180.44 45 Tli 119.05 45 TH
213.94 40 TH 175.87 40 TH 11554 40 TH
208.43 35 TH 171.53 35 Til 111.87 35 Ti
202.49 30 TH 167.38 30 TH 107.96 20 TH
196.U8 25 TH 163.35 2.5 Tit 103.87 25 TH
189.11 20 T11 159.27 20 TH 9869 20 TH
181.70 15 TH 154.86 15 TH 9254 15 TH
174.44 10 TH 149.08 10 TH 83.79 10 TM
170.82 5 TH 137.87 5 TH 67.68 5 TH

Percentage Decrca.se of the Percentage Decrease of the
Individual Dijerences (Aoeraged) Means

CoeftWfit I e Dot' Ctm at Rua

Condition 2:14.81% Condition 2: 14.96%
Condition 3: 45,54% Condition 3- 45.78%
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Maximum Rotaion; Supination
A masur of the nazizmnonumber of degrees a diad or ob$ed
awy to turned clixiwie with a sin&l tamn without emima

HNMAN BEMGV14G APUCAUONS

Pcc - 1) Detemhaiintc of the maijimumnommh of doae~ a r1awy swith way be turned
chckiwi with amMvre mct

1) Datrmhtion of the nmnber of disetmot* xmt by the opeawr to omipleto a tasA
Involving repetiw ro"z owtiu, La.. tiglitmning a blt cw aaew

DESGN C~fRA

Niuabo of dqpv a~sosay to ~hie c arsouwaodat sppromsimtely 96% of USAF ratd

17(' 137* 67'
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Range of Values for
Maximum Rotation; Supination per Glove Size

0 50 too 15w 200 210 30o

LOVE SIZE -4A *--.. ---4

_ _ II_

HH

St-. "---4
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UNPK33WZ"------

H 1-

L -------
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L I "
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MAXIMUM ROTATION;
PRONATION

Subect extends his right hand
and grasps the knob on the mecas- J ,
uring instrument between his L\
thumb and forefinger. Subject
then rotates the knob to his left,
using his hand, wrist, and ann,
until he achieves maximum pro-
natio of his right hand.

ANTHROPOMETRIC DATA (N =27)

Condition 1: Subject wearing unpressurued suit but tarehanded.

Condition 2, Subject wearing unpressurized suit and glove%.

Condition 3. Subject wearing suit and gloves pressurized to 3.5 psig.

Condito" I Condition 2 Condition a

157.78" 128.52 78.33"

SD: 23.75" 28.18" 20.37"

V%: 18.22 21.93 20.OD
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MAXIMUM ROTATION;

ANTHROPOMETRIC DATA EXPRESSED AS PERCE'NTILES

Condition J: Subject wearing unpressurized suit but barehanded.

Condition 2. Subject wearing unpressuriz,"d suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 psi&

Condition I Cond-',l. 2 Condition 3
S"W FrftVE~td DrgvMt fetn*Vie Dcotma Pevfivoila

19589 95 111 173.50 95TH 110.43 95 TH
189.05 90 i1 MV.62 90 T1 108.43 90 TH
183.75 M5 Ti 157.17 85 TB 103.12 85 Tit
179.24 80 THI 152.(r5 80 TH 97.72 80 TB
175.12 75 TH 147.50 75 T 912.64 75 TH
171.29 70 TH 143.32 70 Tit 88-04 70 TH
167.62 65 TIl 139.32 65 711 . 81.87 65 TH
16407 0 TH 135.45 1)0 TH 80.11 00 TH
10059 55 TH 131.83 55 TiH 76.78 55 TH
157.10 50 111 127.7b 50 TH 73.71 50 TH
153.59 45TH 123.85 45 TH 71.00 45 TH
150.07 40 TH 11988 40 TH 68.80 40 TH
148.44 35 T"t 115.76 35 TB 66.49 35 TH
142.09 36111 111.45 30 TH 84.63 30 T11
138.77 25 Th 10693 25 TH 63.01 25 TH
134.60 20 7-d 102.12 20 TH 61.5,5 20 TH
130.18 15 T11 97.06 15 TH 00.11 15 TH
125.37 10 Ti 91.76 10 Ti 58.07 10 TH
120.52 5 TH 87.38 5 TH 52.19 5 TH

Percen'age Decr.,am of the Percentage Dectrea cl the
Individual Digerences (Averaiged) Meam

Coduij% I mam R ConvJLfx I 0 Ba

Condition 2: 18.24% Condition 2: 13.54%
Condition 3: 49.84% Condition 3: 50.35%
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Maximum Rotation; Pronation

A measure of the maximm number of degrees a dial or object
may be tunrd countcr-clockwie with a single turn, without
concm sa movement

HUMAN ENG1NEEWNG APIPCATIONS

For-i) Dctermination of the masimum number of degrees a rotary switch may be turned
counter-cckwise with one movanew

2) Detrmination of the number of disiced motions by the operator to complete a task
invving ntary motion. Le., tig-tening a bolt or screw

DESGN CWTTH1A

Number of degrees neceny to im" or accommodate approximately 95% of USAF rated

B120"aded UnpreaarizI P8"awz2 d

120' 87* 520



Range of Values for
Maximum Rotation; Pronation per Glove Size

0 50 too 150 200 20 300

GLOVE SIZE -- . .

A

1-4
C I

0

I-------4

£ 1-4

I.-.-'

* I

St---- --!--4

J I----

_______ ______ H PES"UIZEID
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GRIP STRENGTH

Subject grasps the Smedley Hand
Dynornometer, fully extends his ,

right aim. and squeezes the in- 0,
strum•ent. Re,•rding is taken from
the .nstrurent.

KNU DATA (N =27)

Condition 1: Suhbjet -earing unpessurized suit but barehanded.

Condition 2. Subject wea•,ing unpressurized suit and gloves.

Colition 3: Subject wearing suit and gloves pressurized to 35 psig.

Cordimon I Cordition 2 Conditio 3

48. I I kg. 105.84 lb. 35.89 kg; 78.96 lb. 30.22 kg; OW.49 lb.

SD: 8.60 kg; 18.91 lb. 8.40 kg; 14.08 lb. 4.77 kg; 10.50 lb.

17.87K 17S38
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GRiP STRENGTH

FORCE DATA EXPRESSED AS PERCENTILES

Condltion 1: Subject wearing iupressuriied suit but barmhanded.

Condition 2I Subject wearing unpressurized suit and gloves.

Cmdition 3. Subject wearing suit and gloves pressurized to 3.5 psig.

Condition I Condiion 2 Condition 3

xivmog Pevmeatikr Poundsa xI~atraU Ftmtce"isc pounds K&Wo'a1u pffitewt5 Pounds

58.31 95 T 128.28 48.32 95TH 106.30 36.74 95 TH 80.82

57.73 90TH 17.00 44.42 90 TH 97.72 35.73 90 Tih 77&60

55.99 85 TH 123.19 42.33 85 T11 93.13 U.82 85 THt 76.60

54.29 80 T11 119.45 40.90 80 TH 89.97 34.06 80Th 74.9T

"52.75 75 T 16.006 39.7 75 T11 87.45 33.40 75 TH 73.47

51.41 70 TH 113.11 3877 70 Tit 85.30 32-82 70 TH 72.21

50.24 65 TH 110.54 37.89 65 Tit 83.37 32.31 65 TH 71.07

49.23 80 TH 10831 37.07 60 TH 81.58 31.83 60 TH 70.03

48.38 55 Tt 10038 36.29 55 TH 79.84 31.39 55 Tt M.OO

47.58 50 TH 104.6.4 35.52 50 TH 78.14 30.96 50 Th 68.10

46.90 45 TH 103.18 34.74 45 Th 76.43 3052 45 TH 6'1.14

40.29 40 Tit 101.83 33.96 40TH T 74.2 30.07 40 TH" 80.16

45.70 3v TH 100.54 33.18 35 TH 72.95 29.58 35 Th 65.08

45.0 M0 TH 9.20 32-V3 30TH T 7.11 29.02 30 Th 6.84

44.38 25 T " IOS.65 31-45 25 TH 69.18 2&33 2511 02.32,

43.41 20 TB 95-51 30.51 20 Tit T7.13 V7.42 20 Tm 00.32

41.88 15 TH 92.08 V-54 15 T"i 44.99 20.11 15 IN 57.44

38.77 10 TH 85.29 28S54 10 T11 a",79 23.90 10 Tit 52-5

30,,O 5 TH 67.10 785 5 TH 6127 19.05 5 TH 41.90

Percentage Decrtwe of the Percentage Uecve'na P/ the

1mdiuWual Differewce(Avemtfaf) 
Means

Coadmiom Ie SWDa o&&A1B

Cotnltkmc 2: 24•.0" Coinditian 2. 25.4r0

Condition 3-:3O.W8 Condition 3: 37.19%
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Gri Strength
A meawre of a man's on-,uicd gr~lip strength, while mtated and
with arm oubtt~che. taken o a coaznemially available hand
dymxnetma

Fv, - 1) Detemilatkxc of the amount~ of fmce loading on&uble-hamlled squeeze oamntzvl

2) L~inits of a man~s band to h3U ca xmto ahing apinsi a fmce

3) Can be used with the (4I~to friction at the grased surface

Now.:Ili* impedance oi the prauwized gkwes La Eittiq~ the hand into the handle of
the dya mmte alcted pmoiunc

Numbet of pounds c my to icte (a aacaaw dsz. *ppurzimately 95% of USAF rated

800mded Uu-vmwmrzAd PusaMKtixd

Foer s aocset 67 HL. 61 IlL 41 ILb
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Range of Values for
Grip Strength per Glove Size

25 so 75 100 125 o50 rIM
(106) (22.23) (34.09) (45.45) (56.82) (68.56) ("/.6G)

GLOVE SIZE
A

1-4
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MAXIMUM TORQUE;
SUPINADION

rJ

Sublect grp the metal handle
with the shank between digits 2
and 3a His thumb touches the
finger rips. On signal, the subimi
exeTts his maxuaum effort in turn-
ing the hadlie to his right. Read-
ing is takeo fomn wmnory device
00 the torque Wrench.

TOQQU. DATA (N = 27)

Comdition 1: Subjed mweting un wrwuyizd sit but bahmhjudo

Cmdkium 2. Sub je't weaing unpewaurizd "•t avd Jo.

CAdzIoMbQ 3 S~bK~t VOM uit " nd glove pc. ~zu ed to IS psi&,

Cotdifb ! CoIdt&Am 2 Coudiiou

•'- ~ 214 im-€•Th.. 119 44 ir-4.lk•g •

SD: 3D.12 in.&., Z a.14 nAb..4b
V•:4. 9t 21.5 3I I

2&7~ ti



MAXIMUM TORQUE;
SUPINATION

TORQUE DATA EXPRESSED AS PERCENTILES

Conditon 1: Subj tw. weering unprsessurized suit but b~archanded.

Cosidition 2. Subject wearing unpresunried suit arnd glows.

Condition I Subject wearing suit anid gloves p. iuizcid to 3.5 psi&

Conditio 1 Condtnoem 2 Coidijuim 3

fwhroAmcw hwemv~tda 1,ackwpwu ?.,mwuian ScA-p"Wid& revrtafta

178ý93 95 TII 151.38 95 Tit 142.06 95 TH
159-34 90 Tit 147.21 90 111 140-38 90 Ti1
149.2 85 TH 143.59 65111 138-0 85 111
142.49 80T111 14026 80 Tit 1)DO so Th
137.17 75 111 137.04 T5 TH 118M75 75 111
M69. 70 TI! 13ngo 70 71f HAM7 70 111

12867 133 T7 11 108 83 111 101.75 65 Tit
124.92 O 0TH 127.65- d STht 99,50 80)Tit
12113) 55 TI! 124.49 55 ntI 92.13 55 TI!
117.7 8 5011 120123 soT 88.7S&5 50111
114.18 45 TI! 117.87 45 1-11 81.97 45 ltI
11058 40 ni 114 40 40111 81-13 40Tit
10 &Z, 33111t 110.7i 33111 80M.2 331Tit
!4a2g) 30 Th 10683 30 TH 71944 30Tit
9a 49 511 TitIW-3 :311 T7 &50 is111
9444 2 )TH 0800 20 Tit 7.75 2D Tit
Ww i 13111 W2.68 15111t 0773 IS ni
0352, 10111 M& 10111t aDM 10Tit
Sam3 5 TH 79.53 5TH 58.0 511

?#etE'%tj aVIr iDem-mro of the ?.crv'ore DeO'vTa of iN.
JMdit'idW [),f 1\*rne.(Atvvcrtd) #4wia

c~naidtsoc'- 2.:0.2%Iartaw CAnnditina 121 1 &53
Coodsitoc 3: 1954% decreaw -aitoc 3. 21M00



W~nimum Torque; Supinotion
Tbe mmubeu oftmncb-poud man m ,wrd m oatoqewru~tch
by V-qzimg and twining tD lis r~iot (pd"n up) an att.dý

HVAMkN MOMMMM APL3CAYM

For - 1) Ddrixt ofu th ie uozmxkzg rweiaba a1vwabw on a rotmy ssuAvh

1) 1oftrmkadm of the oaufximm -mqic (or bxakh fntmws, et'.

3) Lhm&Wiwm cl mas capmdy for tmqUAI WOUMI& axhj in o~r OWbS forear

Nm fm cI bw&Tma-zi bm" sammay to &A or aac awdna appmamattly 95%e of U-.AF

* o . 3v-4 83 V ilL-ilL M inAb.53mLi

Fg~ar Wtm 179 mnAL ISI % inA& 142W inAb.

3M



Range of Values for
Maximum Toique; Supination per Glove Size

40 70 t00 130 60 10 210

GLovE SIZE

A 0
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MAXIMUM TORQUE;
PRONATDON

Subject grasps the metal handle
with the hink between diits 2
and 3. His thumb totuches the
finger tips. On signal subject ex-
erts hit maximum effort ir turn-
ing the handle to his le-ft. Read-
ing is taken from memory device
on torque •-,mnch.

TORQUE DATA (N = 27)

Coodition 1: Subject wearing unpr-vsurzed ,uht bt barehandet.

Coxition 2. Subject wearing unprtuurlzed suit and gloves.

Condition 3: Subject we4aring suit and glovs prtmurlzed to 3.5 prig.

Condito 1 CondUtion 2 Conduiti

153.8 in. .lb. 161.48 tm-lb. 151.30 In-lb.

SD- 45.02 in.lb. 47.59 ln.-Ib 49.94 in.-lb.

Vi2: • 29.47 33U01
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'ON

MAXIMUM TORQUE;
PRONATiON

TORQUE DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpremmized suit but barehanded.

Condition 2. Subje wearing unpressurized suit and gloves.

Condition 3; Subject wearing suit and gloves pressuuized to 3.5 p4g.

Condaion I Condition 2 Condion 3

gdi-?O.wdi ?fP.oLwt Inch-Pounda ?pevolwds lat).-?da c ?wam*iI
222790 95 TH 252.00 95 TH 244.88 95TH
203.80 90 TH 213.01 90 TH M5.27 90 TH
193.19 85 TH 195.49 85 TH 185.30 85 TH
185.48 80 TH 185.38 80 TH 173.05 90 TH
178.90 75 TH 17&49 75 TH 164.64 75 TH
173.19 70 TH 173.38 70 TH 15&64 70 TH
167.73 65 TH 169.19 65 TH 154.17 65 TH
162.45 60 TH 165.54 00 TH 150.7e 00TH
157.26 55 TH 162.14 55 TH 148.10 55 TH
15199 50 TH 158.75 50 TH 145.89 50 TH
146.82 45 TH 155.24 45 TH 143,90 45 TH
141.14 40 TH 151.50 40 TH 14"3 40 TH
135.44 35 TH 147.33 35 TH 14038 35 TH
129.40 30 1h 142.54 30 TH 13&17 30 TH
123.19 23 TH 138.92 25 TH 135-25 25 TH
116.58 20 TH 130,06 20 TH 130.91 20 17H
10982 15 TH 121.40 15 TH 123.90 15 TH
103.32 10 TH 1090.9 10 TV! 110,74 10 TH
100.44 5 TH 92.49 5 TH 79.32 5 TH

Percermage Incread of the Petrag¢e Increaw/Dcam/ of At
l diuqdt4l Differe*c :( avetugc) Mecun

Condmie m 8e CoIvSam u m

Condtion 2: 0.3OM Condition 2: 4.93% hiae-a.se
Cnditiom 3: 0.53% Condition 3: 1.68% decere
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Maximum Torque; Pronation
The number of inch.pournd a man can record on a torque wrench
by grasping and turning an attached vertical rod to his left (palm
down)

HUMAN ENGINEERING APPlICATIONS

For - 1) Determination of the maximum resistance allowable on a rotary svitch

2) Determination of the naxium torque for hand tightened bolts, fasteners, etc.

3) L tation oi man's capacity for torque around an axis in or near his for&Ari

DESIGN CRITERIA

Number of inch.poundi torque necessjay to include or accommodte apprudmately 95% of USAF
rad personal:

Barhaaded UnptrurL-edu#

For a, hca•,•, 100 in.-lb. 92 in.-lb. 79 in.-lb.
f,.73

F, ,p3ao 223 in.b 253 in.-lb. 245 in.-lb.
3

Q2



Range of Values for
Maximum Torque; Pronation per Glove Size

incil - poxnd,

50 90 130 ISO 230 280 310

GLOVE SIZE i

A
t- .--- -

I*i I---- -- I

--- 4

1-4

I--4

D I---

44

*-A

P-, --,1

SI-P- -SUR-4
- PRESSURIZEO

L---- _

---...3_ _ _ _ _ _ _ _ _ _ _ _~/



HAND CLEARANCE AROUND KNOB;
iWPOThENA"

Subjet extends hIs right hand •
and grasps the knob on the meas-
uring instrument between his "
thumb and forefinger. The knob
indicator points up to zero. Using
a vertical wvoden block, measure
from the knob center to the most
protrusive point c- the hypoih-
enar surface of the hand.

ANTM2OPOMETC DATA (N = 27)

Codition 1: Subject we-aring unpr-ssunried suit but barehanded.

Conditio I Subject wearing unpressurized suit awl gloves.

Condition 3I Sub x-t wearing suit and gloves pemmcized to 3.,5 pig.

Condi, tion I Condima 2 Condioi 3

" O.73 cm; 2.85 in. 8.26 cm; 3.25 in- .47 cm.- 3,73 in.

SD: 1-03 cm. 0.41 it. 0.63 cm; 0.33 im 1.01 on. 0.40 in.

V%: 15-38 10.03 10.6
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HAND CLEARANCE AROUND KNOB;
WfPOThENAR

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized suit but barehunded.

Condition 2. Subject wearing unpressurized suit and gloves.

Conditko 3: Subject wearing su;t and gloves pressurized to 3.5 psig.

Condion I Condition 2 Cordufto 3

C eritm Pot*"J.1" Inches C^uietfm' Pevcew.les Inches CfMeteJ P W, _.t,. 1,."
8.62 96 TH 3.39 9.48 95 TH 3.73 10.98 95 TH 4.32
8.09 90 TH 3.19 8.23 90 TH 3.63 10.69 90 TH 4.21
7.76 85 TH 5.05 9.09 85 TH 3.58 10.51 85 TH 4.14
7.52 80 TH 2.96 8.97 80 TH 3.53 10.37 80 TH 4.03
7.33 75 TH 2.89 &87 75 TH 3.49 10.25 75 TH 4.03
7.18 70 TH 2.83 8.76 70 TH 145 10.13 70 TH 3.90
7.06 65 TH 2-78 8.66 65 TH 3.41 10.01 65 TH 394
0.95 00 TH 2.74 8.50 60 TH 3.37 9.89 0n TH 389
6.85 55 TH 2.70 8.45 55 Th 3.33 9.77 55 TH 385
6.70 50 TH 2.06 8.34 50 TH 3.28 93 50 TH 3.80
8.67 45 TH 2.83 823 45 TH 3.24 9.52 45 Th 175
8M59 40 TH 2.5 8.10 40 TH 3.19 9.38 40 TH 3.Q
8.49 35 TH 2.58 7.97 35 Th 314 9.22 35 TH 163
0.38 30 11 2.51 7,83 30 TH 3.08 900 30 TH 3-57
0.25 25 TH 2.48 7.68 25 TH 3002 8-87 25 TH 3.49
0.08 20 TH n39 7.51 20 TH 2.96 8.65 0 TH 3.41
582 15 TH 2.20 7.34 15 TH 2.-9 &,-0 15 TH 131
5.V 101 1 2.11 7.15 10 TH 281 8.07 10 Th 3.18
4.03 Th 1.72 7.01 5 TH 2.76 7.62 5 TH 3.a0

Percona,:e Icmnc.f" of M'e Petroriage F c•ai of tht
lftidhudw Diflcr-v-vs(Aor-rmed) eu

Coadeom I .U Co.dek.," Is seaw

Cindition 2: 2470% Cotulition 2: =73%
Co.ito ,: 44.33% Cond-tio.. 3. 40.71%

(HUMAN ENCINEERING APFLICATIONS AND DESIWN CRITERIA ON P. 100)
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HAND CLEARANCE AROUND KNO3;
PALMAR

Subjec extends his right hand
and grasps the knob on the meas-
wing instrument between his
thumb and fortfnger The knob
is rotated 90 degres from zero to
the ubject's right. Using a vr-'
tical woden block, meas•re from
tP'e knob onter to the most pro-
trusive point on the plmanr side
01 the hami.

ANTHROPOMETRiC DATA (N=27)

G.dition 1: Subject wvaring unprtsunized suit but ba•rhwuded

Condition 2. Subject wwing unpreisuwirm& suit and goves.

Condttion 3: Subject uaring suit and gloves p-ev rind to 3-5 psig.

Condition I Conddatio 2 Conduion 3

4,05 cm. 1.00 in. 4.41 cm. 1.74 in. 431 can 1.78 in.

SD: 0.74 cn. 0 29 isa 081 cm. 0M32 im O. Cm. 0-37 ia

VT*.: 1M19 .30 .
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HAND CLEARANCE AROUND KNOB;

PALMAR

,NTHROPOMETMIC DATA EF.aESSED AS PERCENTILES

Condition 1: Subict wearing unpie urized suit but barvhandei.

e'oditiioa 2. Subjc"t wearing -ýnprmsurized suit and gloves.

CUdchon 3: Subjmt wearing suit and gloves pressurized to 3.5 psig.

ColdLitok n Conditon 2 Condition 3

Cavitknme" t-vitw I.c)M Cewmte~wel FfetIcwdel I.ches Covim•evT pewtveerlifs fIp"

5.34 96 TH 210 5.70 95 TH 224 6.32 95 TH 2.49

5.19 90 TH 2,04 5.40 90 TH 2.13 5.90 9 Th 2-332

4.95 85 TH 1.95 5.15 85 TH 2.03 5.60 85 TH 2_2M

4.73 80 TH 1.86 4.94 80 TH 1.95 5.36 80 T 2.11

453 75 TH 178 4.77 75 TH 1.88 5.15 75 TH 2,03

4.38 70 TIt 1.72 4.63 70 TH 1.82 4.96 70 THt 1.95

4.20 65 TIt 1.65 4.51 65 T11 1.77 4.79 65 Th 1.89

4,06 0D TH 1.00 4.41 80 TH 1.74 4.64 600 Ti 1.82

3.4 55 TH 1.55 4.32 55 TM 1.70 4.49 5-, TH 1.77

3.83 50 T 1.51 4.25 50 TH 1.67 4.35 50 Th 1.71

3.74 45 TH 1.47 4.19 45 TH 165 4.22 45 TH L05

3,66 40TH 1.44 4.13 40 TH 1.63 4.09 40 Ti! 1.81

359 35 TH 1.41 4.09 -5 TH 1.61 3-8 35 TM 1.,5

3.53 310 T 1.39 4.M Vii, TH 1.59 3.84 30 TI 1.51

3.48 25 TI 1.37 4.01 25 TH 1.58 3.73 25 TH 1.47

3.44 20 TH 1.35 396 20 TH 1.58 3.62 1 20Th 1.42

3.19 15 Tit 134 3.89 15 TIt 1.53 3.51 15 TH 1.3q

3.33 l0 TH 1.31 3.75 10 r.1 1.48 3,3 10 T" 1.33

3,13 5 123 3.135 5 TH 1M.3 3,41 5 TH L34

PFeriifot-gf lfc-eed4 of the iecewage l.mm-ac of tht

Mndn~wi4 l Di~nctv, (Avrogr4) VM.

Ca. .au' J A& S~em Cop'eriam' I, At

Condition-'2:10 3" Co-nditwimn2: 8-89

Condition 3: 15.04% Conboc 3: 11.3%1

IIU•1AN FN.INCE1E-R\NG APPUCATMONS AND DESIQN CRITEYIA ON P. 1W0)
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HAND CLEARANCE AROUND KNO3;
SUPINATD HAM

Subject extends ;iq rigt band
and •s€•m the knob on the rs-
wring instrument between 'a"
thumb and forefinger. Thi knob
is rated 180 degre" from zero
to the subject's right. Using ver-
tW wooden blocki, mnusure from
the mo protvrusive point on the I
hypoezea- side !o the most pro- I

trsive Po" on the then-a S!&e
of dte supinszed h&an

ANT14OPOMEhC DATA (N=27)

Cocodittn 1: Subj-ct weatri.g unpme, iuixzd sut but bamhaadcd

Cointitio 1. Subjet wowing, unpma'rutzd suit and &)ove.

Cooxd bou I Subtect woumng suit and gjo'i'c pecasurizod to 15 pa~g&

CowAiio I Coadifk*i 2 CovdAi a 3

Y. 10 0 an. 4.01 fi 118 cm. 4 Q 1:1. IMi cy. 4.E

SD: 0 90 ca .0311&-M .i OO cm. 0-Q11La.

7A4 581 &M-

go



HAND CLEARANCE AROUND KNC3,;
SUPINATED HAND

ANRMCWMETR1C DATA EXPRESSED AS PERCENTILES

Coeditio 1: Subjec weadng unpressuilzed suit but barmhanded.

Condition 2. Sub~ed wearng urpressurizd siuit and glovri.

Condbx 3- Subod eat~ring suit amd gloves premruizod to 3.5 psi&~

Co~mdito" I Condiwon 2 Cow-Eistion 3

Cdft2fmamI ?acMuNLW Ia"Ai Cufswfinev Peev~ntil- M~cA~ couttnule ?urfvcwdn I""A

11.12 95 Ti 4M3 12-3.3 95 TH 4.86 1305 95 Til 5.14
11.06 go0Th 4m3 12.119 90 Th 4.60 t:.SO 90 TH 5.04
11.00 as T1 4m3 1103 65 TH 4.73 U527 85 -,H 4.95
10.95 80 Th 4.31 11M&' 80 TH 468 12r3, 60TH 4.87
10l.69 75 TH 4.29 11.75 73 T1H 4.63 1111; T3 Tit 4.80
10.79 770 TIT 4.25 11.63 70 TH 4Z8 12202 70 TI1 4.73
10.68 65ThM 4.20 11.52 65 Th 4.54 11.87 65 TH 4.87
10.53 M) THi 4.15 11.4.3 0 TIT 4,50 11-74 6)0Th 4.62
10.37 55 TH 4L06 1133 55 TH 4!.W 11.61 56T H 4.5M

10-05 50Tit 4-04 11-25 50T11 4.43 11.49 50 Th 4352
10.14 45 Th 3W 11.27 45 Th 4.40 11M3 43 Th t.48
10-06 40 Th 3106 11.09 40Til 4-37 11.T 40 Th t44
9.97 35"11 293 1102 35 Th 4-34 1M.1 35 Th 4.40)
r*.8 30 111 3.60 10.95 30 Ti 4-3! 11.06 30 TH 4-36
Q." 25T Il .77 1053S 25 TH 42S 10-90 Z-TIT 4.33

g.2 20T "1 IT 1090 Z 0THt 42Z5 10 91 20 TH 4.30
9,7 1-9 TIT 3.73 10.72 15 TH 4. = 10.-,4 15 T11 4Z27
9.1 10 T11 I70 1061 W0 -M 4.18 1IV8 10 TH 4-24
&47 5 Ti! MCI3 104 TH 4.10 107's4 5 TM 4m1

FrrAat ~ ofnT the Opertcr.'f fmcrtc~w of the

Jt4mdk4uml Difrycta (Avxwced) em

CxyflwJ~ 1 - 109%clmt C i.a* 21 to 3m

C=itihoa 3: 15-48$ £crtion 3: 14.QZ%

(HUMAN EN-CIIN.ER1,NG APPL-CA11ONS AN!)DI~ CHIM~IA GN P. 100)
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FHnd Clearance Around Knob

Three dimensions taken to measure the spatial reqairemento of
the hand while grasping a rotary knob turned to various positions

HUMAN ENGINEERING APPUCATIONS

For - 1) Use A to determine the minimum clearance to the user'e right for a rotary knob

2) Use A and B to determine the minimum clearance on both sides or the radius of min;-
mum clearance around a rotary knob designed to turn 90 degrees

3) Use A and C to determine the minirum cle" on beth sides or the diameter o mini-
mum clearance around a rotary knob designed to turn 180 degrees

DESIGN CRITERIA

Number of ihches necessary to include or accommodate approximat-Ay 95% of USAF rated
personnel:

Bare handcd Unpfeui•rized Presmstze

A 3½% in. 3¾/ in. 4½/ in.

B 2Y4 in. 2/4 in. 2% in.

C 4V2 in. 5 in. 5V4 in.

I"O lo



Rangp of Valjes for
Hand Clearance Around Knob; Hiypothenar per Glove Size

L.O0 2.30 .0 4.50M81.) (6.35)_" 8 g. (11.43)

OWYE SIZE

A4

*F -4

C )-- - - - -4

o 1"4

I-.--.

III

'---I

-- I-- .. ..

-- 8--, --•O -

L .... LUP'RESSUR3ZO-

-R•____ 0 1

-_, 101
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Range of Valuas for
Hand Clearance Around Knob; Palmar, per Glove Size

&Lcdes (CM)
LOo L50 2.00 2.50 3.00

(1.54) M3.S8) (5.08) (76,) (?.OZ)
GLOVE WE ...

------------- ,4

_ _ _ _ ---- ---. 4 _

0 -4
_ _ _ _ __...--

F

-----4

- -- -4

K- .. .4 . UtPRESSMUR*ZE0
- PRESSURIZED

k ~I,-. t ... -.1
L 14
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Range of Values for Hand Clearance
Around Knob; Supinated Hand per Glove Size

6WAS (Cm)

3.00 3.50 4.00 4.50 5.00 5.50
(7.62) (8.89) (10.16) (11.43) (12.70) (12.97)

GLOVE SIZ

A

,--I---4

I-. --

I-- . I

C

1"4 4
H

-4
I---

103
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f - - __,_____
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HAND SPREAD ACROSS WEDGE-I;

DISTAL JOINT OF DIGIT I TO DISTAL
JOINT OF DIGIT 2

Subject places his right hand on A
the measuring wedge so that the '
distal joint of his thumb is on the
.ight edge of the wedge and the ",-
dital joint of digit 2 is on the left .
edge of the wedge. Subject slides
his hand down the sides of the
wedge to the maximal spread
while maintaining joint contact
on the edges. Reading is taken at
the last % inch line completely
cleared.

ANTHROPOMETRIC DATA (N= 27)

Condition 1: Subject wearing unpressurized suit but boeh'anded.

Condition 2. Subject wearing unprcssurized suit and gloves.

Condition 3: Subject wearing suit and gloves prssurixed to 3.5 psig.

Condiion I Cond•ton 2 Condtton 3

12-42 cm; 4.8 in. 10.37 min 4.08 in. 8,89 cm; 3.50 in.

SD: 1.41 cm; 0.55 in. 1.27 crn; 0.,50 in. 1-27 cm; 0.50 in.

V: 11.34 12=24 14,20

104



HAND SPREAD ACROSS WEDGE-I

ANTHROPOMETIIC DATA EXPRESSED AS PERCEN"TVES

Condition 1: Subject wearing unpressurized suit but barehanded.

Condition 2. Subject wearing inpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition Conditon 2 Condtion 3

Cemwtm Peronudel lMche Cevtmev. Percentaiu ncM, CV4*mvtm Percmtdu Indi
U4.65 95 TH 5.77 12.40 95 TH 4.88 11.28 95 TH 4.44

14.39 90 TH 5.87 12.24 90 TH 4.82 10.44 90 TH 4.11
14.02 85 TH 5.52 11.95 85 TII 4.70 10.10 85 TH 3.97
13.68 80 TH 538 11.65 80 TH 4.59 9.89 0 TH 3,89
13.1 75 TH 5.26 11.38 75 TH 4.48 9.73 75 TH 3.83
1308 70 TH 5.15 11.12 70 TH 4.38 9.59 70 TH 3.78
12.83 65 TH 5.05 10.88 65 TH 4.28 9.45 65 TH 3.72
12.61 60 TH 4.96 10.65 OG TH 4.19 9.31 00 TH 3,67
12,40 55 TH 4.88 '0.44 55 TH 4.11 9.16 55 TH 3.61
12.2 50 T" 4.81 10.24 50 TH 4.03 9.00 50 T11 3.54
12.05 45 TH 4.74 10.05 45 TH 3.96 8.82 45 TI1 3.47
11.8i 40 TH 4.38 9.87 40 TH 3.88 8.63 40 Ti 3,40
11.74 35 TH 4.62 9,9 35 TH 3.82 8.41 35 TH 3.1
11.5 30 TH 4.,56 9.53 30 TH 3.75 &18 30 TH 3.22
11.44 25 TH 4.50 9.37, 25 TH 3.69 7.92 25 TH 3.12
1120W 20 TH 4.43 9.21 20 TH 3.62 7.63 20Th 3.00
11.04 15 TH 4.35 9.04 15 TH 3.56 7.33 15 TH 2,89
'0.68 10 TH 4.20 8.85 10 TH 3.49 7.05 10 TH 2.78
9.83 5 TH 3.87 8.57 5 TH 3.37 7.01 5 TH 2.78

Percenaoge Decreame of the Perentage Decrtaw of the
ln id•wdal Diffcnces (Ac.-traged) Meant

Comdtt&^ I do Bes Cofnduiof I at ka.

Condition 2: I1 .24% Condition 2: 16.51%
Condition 3: 2809% Condition 3: 28.42%

105

<'w.~



Hand Spread Acro-s Wedge-1
Distal joint of digit 1 to distal joint of digit 2 - A measure of the
gripping spread between the last or outer segments of the thumb
and indea finger

HUMAN ENGINEERING APPUCATIONS

For - !) Determination of the maximum size of wheels to be grsed and/or turned by these
two segments of tke band

DESIGN CRIrERIA
Number of inches aecessary to include or accormmodate approxlmately 95% of USAF rated

Barehanded Unpressurid Preauwzed

33/ in. 31/4 in. 2¾/ in.
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7

Range of Values for
Hand Spread Across Wedge-1 per Glove Size

unhs (Cm)
2.150 3.50 4.50 5.50 6.50

M6,W5) (8.89) 1.43) (13.97) (16.51)

GLOVE SIZE

A

__ _ -- -__-__RSSRI

L ---- .---.

-- °4"-

---44

* ...... ..---

H .. ...

•-- ..---.-.

I -, *-a ARCI4ANOEO

•---4 .... UN$PRESSURtZCO

--- 4 -- PRESSU•I!ZEO

-- 44

_ _ _---- -- _
.J7
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HAND SPREAD ACROSS WEDGE-2;
"DISTAL JOINT OF DIGIT 1 TO DISTAL

JOINT OF MAG.T 3

Subjctpkacmhis r4ght hanaon
the measuring wedge no that the

I

dist poun of his thumb is on the
right edge of the wedge and 'ho
dtal int do digit 3 is m theft
edge off the wedge. Subjec slides
his hand down the sides of the
wedge to the manal spqrad
while maintabinig joint cont•ct
c the edges. ,ading 1% taken st
the kit %iD ICh line WWnIet*l

A HROPOMEMC DATA (N = 27)

Cwxlltio i1: Subpct wearing umpresmsriz-d suit but barchandedL

Cooditiom Z Subject wftuing unpreuqized suit and glowes.

Conditio I~ Subject wearing sut and gloves pmesurizad to aS pug,

CoaudU I Coaditkm 2 Con&" 3

"14.58 C; 5.74 in 12.±3 CM; 4.81 in. 10.02 an; 3.4 in.

SD: 1.48 an; 0.5s in. 1.30 am; 051 in. 1.48 cm; 0.57 in.

VS.: 10.16 1063 14.57
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HAND SPREAD ACROSS WEDGE-2

At•tMOOMETM)C DATA EPSSED AS PERCNTULES

Conditica 1: Subject wearing tmupremuuza suit but ba.-eh&nded.

Coodidon 2. Subjw- w-miag umpnmurized sit and gloves. I /

Conditia 3. Subject wearing suit and gloves itessurim 3.5 pmg.

Coni~km 1I Cond" 2 C.*diOA 3

Cm&*Nm a'w ? mwCVt Iudws C~viM*'jg.' ?.onmiW" Inch" C..'sWW P&WRIA Irg~A
M10 95 TH 7.13 14.22 95 TH 5.00 1±19 95 TH 4.80

16.82 90T M 69 14.13 90 TH 5.56 IL97 90 TH 4.71
16.01 85 TH 6.33 13.80 85 TH 543 11.74 85 TH 4.2
15.56 80 TH 6.13 13.47 80 TH 5,31 Il52 80 TH 4.53
15.18 75 TH 5.98 13.17 75 T11 5.18 11.29 75 TH 4.45
14.88 70 TH 5.M 12.89 70 TH 5&7 10.96 70 TH 4.32
14.64 65 TH 5.76 12-64 65 TH 4.98 W0.19 65 TH 4.01
14.44 00 TH 5.68 19-42 00 TH 4.89 10.02 60 TH 3Z5
14.2• 55 TH 5.62 1=2 55 TH 4.81 9.80 55 TH :.

14.13 50 TH 5M5 1203 50 TH 4.74 9.71 50 TH 3M
14.01 45 TH 5.51 U.87 45 TH 4.97 9.82 45 T! 3.79
13.90 40 TH 5.47 11.72 40Th 4.61 952 40 TH 3,75
13.81 35 T 5.44 11-58 35 TH 4.50 9.42 35 TH 3I71
13,72 30 TH 5.40 11.45 30 TH 4.51 O.33 30 TH 3.W7
13.63 25 TH 5.37 11.32 25 TH 4.46 9.21 25 TH 3M3
13.54 20 TH 5.33 11.17 20 TH 4.40 U8 2D TH 354
1340 15T 5.28 10.98 15 TH 4.32 .78 15 TH 345
13.18 10 TH 5.19 10.65 10 TH 4,19 &42 10 TH 3.M
12563 5Th 4.H17 9.81 5 Th 3.86 7.43 5 ITH

Perow,enage DE~cviaw of Owe Prct~n~age Docrew of the
lrhdd~ual Diffemrooe, (Aomnged) MOueu

Codkbm I m Bw Cofdtik,m j a' Bow

Coditi 2: 15.%0% Crmdtk 2.:1 6.1
Cooitioa 3: 31.00% Coaditkm 3: 31.8M%
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Hand Spread Across Wedge-2
Distal joint of dgit 1 to distal joint of d;git 3 - A masure of the
grioping spread between the last or >uir segments of the thumb
and middle fingers

HUMAN ENGINEERING APPUCATIONS

For- 1) Detemnination of the maximum size of wheels to be grasped and/or tu,-ned bt• these two
mgmwts of the hand

DESIGN CRITERIA

Number of inches rsutry to include or acoomwodate approximately 0'% of USF" rated
Persoaael:

Barrhasld4 Unwpraf Lzed ?rouaarizod

43/A in. 33/ in. 23/ in.
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Range of Values for
Hand Spread Acoss Wedge-2 per Glove Size

w~cms (cm)
2.50 3..5,0 4.50 5.50 &50 7.50

(8,3S) (889) (I1.43) (I 3.97l (18.5l) (Iw.Os)

GLOVE SIZE -

A

a--------

C j
c!

o-.--4

1--- --.

t. ~ ~~~I. - . . . . .
I --- PRESUMIEDZ

L!I..• I-

I __________________________



HAND SPRA ACROSS VIEDGE-3;
DSTAL JOINT Of DIGIT I TO DISTAL

JOINT OF DIGff 4

dlzbi own of histumb is an the
riotege ofthe wedge andthe
di"ta )oint of digit 4 ison the
bft edge of the wedge. Subfac-f
£IidAhsA mtesid-4r

the wedge to the wxmazinl md
.Aixle u'~sntminig koint tcc~
an the dgms Rm~ding is taken
as the kt V. mio line comap~etcky

ANT)ROPOMEThJC DATA (N=27)

cm&6m2 1: subixi %wrinng unpuzutm--tx suat but barehulaz~~

CoodlticA I~ Sub jmd wearing unMtuslixM tuit aJd glo%'ee

Coadidwi 3. Subjet weanog suit and gJovm 1 xcuzuvaod to .it5 pti&

CoadaiNu I Coindluoo 2 Couadiwao 3

M54Z3 c W0lIn. 1111 cm. 4.96 Em1,-2a;4.6E

StD: MS cm. 0.80 in. I M. 031 in, L53cn; 0.00 ED,
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HAND SPnRLAD ACRIOSS WJEDGE-3

M MTH9OFMOTR1 DATA D(PMSSED AS PERCENTLES

C~iditim 1; Subject wearing unpressurizMx suit but bwrhbamdcd

Conditiou 2. Subjczt wearing unpresswize stut and glove&.

Covdltiim 3. S~btat wearing suit and gloves presuriztd to 3.5 ptig.

Co,'d Ion Cc-'tti-4~2 Condkion 3

COV&Weav ?waurftido IMCAsv Comtomema Peycwm.d"Isu Aft Cowsu'. FW'um& IMAM

1862 95TH 7-33 14.65 95T11 5.77 12M 9 5 aTH 4.96

17.79 90 TH 7.01 14.45 9D0TH S.69 M245 goTit 4.90

17.12 85 TH 6.74 14.06 85 Th 5,54 12.09 85 TH 4.76

16aze 80 TH 0.53 13.73 80 Th 5.41 11.73 80 TH 4.62

10.15 75 TH 5.36 1142 75 TB 5.2M 1139 75 TH 4-49

15.79 70 TB 6-22 13.14 70 TH 5.17 11.00 70 Tit 4.37

15A48 65 TH 6.10 12.90 65TH1 5.08 10812 65TH 4.2--

15.23 60 TH 6.00 12.09 60 TH 5.00 10.57 00TH 4.18

15.(02 55TH1 5.91 12.5 55 TH 4.93 10-M34 IMT C077

14.84 50 TH 5-94 12.35 50ThM 4.46 1014 50 TH 3.00

14.60 ý--TH 5.768 12.21 45 TH 4.81 M.9 45 TH 3.22

14-57 40 TBf 5,74 121063 40 Tit 4.76 9178 40 TH 3.85

14.41 35 TB 5.70 11.97 35 TB 4.71 9.62 35 TB 3.79

14,40 30THM 5.07 11.87 30 'M 4.f7 QI48 3D0TH 172

14.34 25 TB 5.84 11-76 25 TM 4.63 9.30 Z5 1M 13.

14.2 20 TH 5 6-2 11.63 2D TH 4.58 913 2D TH WW5

14.10 1sTit 55% 11.44 13111 4.50 8.90 15 111 3.50

14.00 10 It! 5.51. 11I6 10 TM 4.38M0.53 10111 3138

13,38 5THM 5-2 10.07 5T 33 &7 7m3 5Th 1.00

?qc~g Dremte-s LI Ox ?aumstioze Dfavlam Of t%*

Nfd~ 1 i Diqevt-sw(Aoewfcid) m

caico 1 *1 Lam Ccmizioa I " saw

ckq&-3-m2:is014 C.- i in -1a13-



Hand Spread Across Wedge-3
D Joint of digit I to distal Joir• of digit 4 - A measure of the
gripping qspad ba'wacn the last or outer segments of the thumb
and ring fingers

hUMAN EN4NEEMO APPlCATIONS

For- 1) Detennination of the maximum size of wheels to be grasped an/or turned by these two
segments of the hand

DESIGN CRMIntIA

Numbek of Wo necessay to include or accommodate approximately 95% of USAF rated
pmrounel:

&,rehanded Unprw**urized Preanuwi=

SYV4 in. 3¾% in. 3 in.

114
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Range of Values for
Hand Spread Across Wodge-3 per Glove Size

WiCt (cm)
2.50 3.50 4.50 5.50 6.50 7.!-0 &50

(6.35) (1189) (1I.43) (13.97) (16.51) (19.05) (21.59)

%L.OVE SiZ

*---- ---

A-- -- 4

C I.-----

_ _ ----,-_ _

o--- .-

-- 4

C|

-----4

F - '] . . . .U V R E S5S U R U E D[
U PRESSUIZEDO

LL 115



HAND SP[AD ACRZOSS WEDGE-4;
DISTAL JO4NT OF DIGIT I TO DISTAL

JOWJ OF DIGIT 5

Subfect place his rigt band on~
the wmasuring wedge so that the
disw Aw inofhis thumb is onthe
right deo the wedge and Lb.
distal Joint of digit 5 is on the
lt edge of the wedge. Subject
slides his hand down the sides of
the wedge to the mzimal pread
While maintaining joint Cantact
o the odgeL Rearding is taken at
the last % inch lie Completely

L__

ANTNWPOMETC DATA (N =27)

Cidftion 1: Subject wearing unpresmurized suit but barchxnded.

Cmdition 2. Subloct wearing unprenurized suit Mnd gloves.

Coadit•om 3. Subject weaing suit and gloves prsurizod to 3.5 psig.

Condio I Cod.iton 2 Conddion 3

153 8 cm. 6.05 in. I2.84 am; 5,06 in. 9.83 n; 3.87 In.

SD: 1.37 an; 05%4 in. 1.43 cm; 025 in. M58 cm; 0.62 in.

VS U3 11-13 16.05

116
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HAND SPREAD ACROSS WEDGE-4

ANTHROPOMETRIC DATA EXPRESSED AS PERCENThLES

Condition 1: Subject wearing unpxessurize suit but barehanded.

Condition 2. Subject weaing unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressurizd to 3,5 paig.

Condition I Conditio 2 Cond/t/on 3
Cenmt.ee Pevtgnta lIa. Centfi.met Percm, ta Mche C •f~etp* Pocruat" lociA

18.05 95 TH 7.11 15.02 95 TH 5.92 12.16 95 TH 4.79
17.70 90 TH &97 14.80 90 TH 5.83 124.2 90 TH 4.77
17.22 85 TH 6.78 14.49 85 TH 5.70 11.77 85 TH 4.63
16.77 80 TH 6.60 14.20 80 TH 5.59 11.39 80 TH 4.49
16.37 75 TH 6.44 14.03 75 TH 5,52 11.04 75 TH 4.35
16.01 70 TH 6.30 13.88 70 TH 5.46 10.72 70 TH 0L2
15.09 65 TH 0.18 13.64 65 TH 5.37 10.43 65 TH 4.10
15.41 60 TH 6.071 13.30 00 TH 5.24 10.16 a0 TH 4.00
15.16 55 TH 5.97 12.56 55 TH 4.94 9.93 55 TH 3.91
14.94 50 TH 5.88 12.33 50 TH 4.86 9.72 50 TH 3.83
14.74 45 TH 5.80 12.20 45 TH 4.80 9.53 45 TH 3.75
14.57 40 TH 5.74 12.11 40 TH 4.77 9.35 40 TI 3.68
14.42 35 TII 5.6A 12.03 35 TH 4.74 8.19 35 TH 3.62
14.30 30 TH 5.6J 11.94 30 TH 4.70 9.04 30 TH 3.56
14.20 25 TH 5.59 11.88 25 TH 4.67 8.88 25 TH 3,49
14.12 20 TH 5.58 11.77 20 TH 4.84 8. 2D TH 3.42
14.05 15 TH 553 1150 15 TH 4.5. 8.43 15 TH 3.32
13.97 10 Tit 5.50 11.37 10 TH 4.48 7.98 10 TH 3.14
13,74 5 TH 5.41 10.92 5 TH 4.30 0.80 5 TH 2.

Percentage Dectea. of the Pocmentage Decrease of the
Individual Differences(Averaged) Meant

Comdttfxi I at B Coftdua I WS
Condition 2: 10.31% Condition 2:10.41%
Condition 3: 35.94% Condition 3: 3&(0)%
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Hand Spriad Across Wedge-4
Distal joint of digit I to distal ,nint of digit 5 - A measure of the
grippng spread between the last or outer segments of the thumb
and little finger

HUMAN ENGINEERING APPUCATIONS

For -1 ) Determination of the maximum size of wheels to be grasped and/or turned by these two
vegments of the land

DESIGN CRfTERLA

Number of inches necessari to include or accomnmodate appaoximately 95% of USAF rated

Bamhanded Un mouriwd ?wvswlzed

514 in. 4V4 in. 2½ in.
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Range of Values for
Hand Spread Across Wedge-4 per Glove Size

Iwhs (CM)

2.50 3.SO 4.50 &.SO 6.50 7.50
(6.35) (939) (11.43) (13.97) (1651) (19.05)S......................

GLOVE SIZE
A

SI- I -- 4

0

E -. . ---

F

6 --I

8I

t I," .. ....

'5 I--'4

-.- ARE HANDED4. .
K .... UNPRESSURIZEO I-- ...

- PRESSURIZED

L19



/ HAND SPREAD ACrOSS WEDGE-5;
DISTAL JOINT OF DIGIT I TO MIDDWE

JOINT DIGIT

Subject places his right hand on
the measuring wedge so that the
distal joint of his thumb is on the
right edge of the wedge and the
middle joint of digit 2 is on the .'-
left edge of the wedge. Subject
slides his hand down the sides of
the wedge to the maximal spread
while rnaintaining joint oontacton the edges. Ilesclig is taken "

at the last m inch line coxpletely

ANTHIM4O•X'lE]C DATA (N =27)

C.oditkm 1: Subject wewing unpressurized suit but barehanded

Condition 92 Subject wearing unpres.urized suit and glove&

Coodition 3. Subject wearing suit an•d gloves pressurized to 35 psig.

Comndon Cond~lio 2 CoMuond 3

10.49 cm; 4.13 in. 9.17 cm; 3.61 in. 8.04 cm; 3.17 in.

SD: 0.98 on; 039 in. 0.92 cm; 0.36 in. 0.90 cm, 0.39 in.

V: 937 10.03 12.34



HAO !D SPREAD ACROSS WEDGE-5

ANTHROPOMETMIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized sui, but barehanded.

Condition I Subject wearing uaprtssurized suit and gloves.

Condition 3: Subject wearing suit and gloves prx-.surizod to 3.5 psig.

Condition 1 Condition 2 Corditim 3
Cernetev, Perc*ataL/ IA"Se Cemnfme Perc.miles Incksei Ceagumg Pmesdai Indw

11.97 95 TH 4.71 10.99 95 TH 4.33 9.66 ý TH 3M80
11.90 90 TH 4.88 10.42 90 TH 4.10 9.33 9D TH 3.67
11.68 85 TH 4.00 10.10 85 TH 3.98 9.15 85 TH 3.00
11.48 80 TH 451 9.88 80 TH 3.89 9.02 80 TH 3.55
11.24 75 TH 4.43 9.70 75 TH 3.82 8.90 75 TH 3.50
11.04 70 TH 4.35 9.56 70 TH 3,76 8.78 70 T! 3.48
10.88 65 TH 4.28 9.43 65 TrI 3.•I 8,65 85 TH 3.41
10.69 00 TH 4.21 9.31 0D TH 3.67 8,52 0 TH 3.38
10.53 55 TH 4.15 9.20 55 TII 3.62 8.39 55 TH 330
10.38 50 TH 4.09 9.10 50 TH 3.8 8.24 50 TH 3.24
10.25 45 TH 4.03 9.01 45 TH 3M55 8.08 45 TH 3.18
10.12 40 TH 3.98 8.92 40 TH 3.51 7.92 40 TH 312
9.99 35 TH 3.93 8.82 35 TH 3.47 7.74 35 TH 3.05
9.87 30 TH 3.89 8.73 30 TH 3.44 7.54 30 TH 2.97
9.75 25 TH 3.84 8.64 25 TH 3.40 7.32 Z TH 2.88
9.63 20 TH 3.79 8.55 20 TH 3.37 7.09 2D TH 2199
9.48 15 TH 3.73 8.48 15 TIf 3.33 6.84 15 TH 2.60
9.27 10 TH 3.65 8.36 10 TH 3.29 8.58 10 TH 2.59
8.83 5 TH 3.48 8.29 5 TH 3.2 6.43 5 TH M53

Percentage Decrmea of the Pevrwnage Decream of the
In divid Diffetme (Aoemgd) M•aw

Comddtda I aw 134m Comtd~ifm I da Um

Condition 2: 12.38% Condition 2:12.58%
Condition 3: 23.02% Condition 3: 23.%

12.1



Hand Spread Across Wedge-5

Distal joint of digit 1 to middle joi-it of digit 2 - A mea-urc of
the gripping spread between the kit or o(iter segment of we
thumb and the middle segment of the index finger

HUMAN ENGINEERING APPUCATIONS

For - 1) Determination of the maximum size of wheels to be grasped and/or turned by these twe
segments of the hand

DESIGN CRfIERLA

Number of inches necessary to include or accommodate approximately 95% of USAF rated
personnel:

Barehanded Unpresetrized Pressurized

3Vz in. 31/¼ in. 2V2 in.
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Range of Values for
Hand Spread Across Wedge-5 per Glove Size

inches (cm)
ZOO 2.50 3.00 3.50 4.00 4.50 5.00 550

(508) (635) (762) (889) (01 16) (0 43) (12.71) (13.97)

GLOVE WE

A/
5

- BR----
F -- . . -

K___--_ -- - -----

I-.,

------.

•--O AREIIANDCD -- ,-

-- ---IJUJPRE SSURI ZE) •- .....

-PREASURIZED

L_,_,

12... . ..3



HAND SPREAD ACROSS WEDGE-6;
DISTAL OiQNT OF DIGIT 1 TO IOMDLE

JOINT OF DIGIT 3

Subj pql'a' his right hand on
the meauring wedge so that the
di" joint ofhis tiumb is on the \
right edge of the woege &=A the •
middle joint o digit 3 oa i o the
left edge of the wedge. Subtmt
slides his hand dow.v the sides of
the wedge to the na?-imnal spread
while maintaining joint oonta"".
on the edges. Reading is taktu
at the lasd V& ih line con pLetely
ckare&L

L4.1

ANTHOPOME'JC DATA (N =27)

Codition 1: Subic wearinK uopsmuized suit bit barchanded.

Condition 2I SubjMct wraig unpnenwized suit and gloves.

Codition a Subject w,--a•g suit aM glows, preu.zd to 3.5 psig.

Conditios I Cordilioft 2 Condition 3

"12.vP cm; 4.83 iz. 10.49 cnl 4.13 in. 8.W0 M 3.53 in.

SD: 12.1 cm0a8•f a U1.0nlcm; 0.43 in. 1.29 m. 0.51 in.

VS: 9M 10.34 14.35

12A



/
HAND SPREAD ACROSS WEDGE-6

ANTHRCPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject weari..g nnpressurized wuit but barchandef!

Condition 2. Subject wear:ng orpressurized suit and gloves.

Conditioc, 3. Subject wear g s, tt and gloves pressurized to 3.5 psig.

Condiion 1 Condition 2 Condie-t 3

Culimetm Percemdes Inches CeZm-fter Pec.mdes Iwne, Coua¢eta PorwiieW 1mhws
14.65 95 TH 5.77 12.21 95 TH 4.81 11.M5 95 TH 4.55
14.00 90 TH 5.51 1?.04 90 TH 4.74 10.72 90 TH 4.22
13.56 a5 rH 5.34 11.87 85 TH 4.67 1019 ;5 TB 4.05
13.22. 80 TH 5.20 11.68 80 T1 4.60 9.99 80 TH 3.93
12.94 75 TH 5.09 11.46 75 TH 4.51 9.77 75 TH 3.85
12.71 76 TH 5.00 :1.23 70 TH 4.42 9.,5% 70 TH 3.77
12.51 65 TH 4.92 10.89 65 TH 4.29 9.42 65 TH 3,71
1233 60 TH 4.85 10.21 60 Tit 4.02 9.28 60 TH 3.65
12.17 55 TH 4.79 10.15 55 TH 4.00 9.14 Z TH 3.60
12.03 50 TH 4.74 1-.09 50 TI1 3.97 9.01 50 TH 3.55
11.90 45 TH 4.U9 10.03 45 TH 3.95 8.83 45 TIt 3.50
11.78 40 TH 4.64 9.S7 40 TH 3912 8.74 40 TH 3.44
11.67 35 TH 4.59 9.91 35 TH 3.90 8.00 35 TH 3,33
11.58 30 TH 4.55 9.85 30 TH 3,88 8.44 30 TH 3.32
11 46 25 TH 4.51 9.78 25 TH 3,85 8.26 25 TH 3.25
11.35 210 TH 4.47 9.65 21) TH 380 8-04 20) Ti 3.17
11.22 15 m11 4.42 9.42 15 TB 371 777 15 TH 3.06

11.05 10 TM 4.35 917 10 Th 361 7.33 xC TH 2.91
10.72 5 TH 4.2-2 8,84 5 TH 3.48 6.72 5 TH U65

Percentage Lec'ýawre of ithe Percnuae Uectrea ot the
l4.4 du"l Digerrtei (A twraged) Meen*

CoUdaw* I as Rdm Camfdiomo I sI B&M

Co••'dihon 2 14 25% C0mdition 2: 1.5,%
Cod•itiot 3: 2877% Cooktwa 3: M7.4%

SF | l I | m i m m l I I I I I I | II I I125



Hand Spread Across Wedge-6
Distal joint of ligit I to middle joint ot disit 3 - A measure of the
gripping spread b. tween toie last or outer segntent of the thumb
and the middle seg-ent of the middle finger

HUMAN ENGINZERING APFUCATIONS

For - 1) Determination of the maxim'um size of wheels to be grasped and/or turmed by these wo
r.gments oi !he 4and

DESIGN CPITiRIA

Numbei of ienlws necessary to include er ac.xmmodite approurmately Z•9,r o US&F rated
personnel.

Ba& handed Cnp m-u ed Pr¢euured

4 in. 31/4 in. 2M in.

1Z6



Range of Values for
Hand Spread Across Wedge-6 per Glove Size

Ircrtes (Cm)

2.00 !00 400 500 &00 700

(508) (U62) (1016) (1270) (15.240 (17.75)

GLOVE SIZE 
I

A p....--

B

I'4

p---4

0 -. -- -- K--.

F

N 4

I

--.. .. .IPP.. . ..

I j 1 _ _ _ -------

4 8A.. P A DC.



HAND SPREAD ACROSS WEDGE-7;
DISTAL JOINT OF DIGIT 1 TO MIDDLE

JOIN1 OF DIGIT 4

Subject places his right hand on Q ~ ~ "

the measuring wcdge so that the '-
distal joint of his th-imb is on the \
right edge of the wedge and the
middle loint of digit 4 is on the-
left edge of the wedge. Subject
slides his hand down the sides of
the wedge to the m=.imal spre.ad
while maintaining joint contact
on the edges. Reading is taken at
the last "¼ inch line completely I'
ckared.

ANT•hROPOMETRMC DATA (N = 27)

Condition 1: Subect wem','iiug udpressurized suit but barehanded.

Condition 2: Subject wearing unpressuriz•d suit and gloves.

Condition 3; ";"bct wearing suit and gloves pressurized to 3.5 pbig.

Condieion I Condition 2 Condition 3

13.10 cm, 5.16 in. 11.08 cm; 4-36 in. 9.2-4 cm. 3.64 tn.

SD: 1,2.) cm; 0.47 ia. 1.21 cm, 0,48 in. 1.A4 cm, 0.57 in.

9.15 W0.96 15.7



HAND SPREAD ACROSS WE-0! E-7

ANTHROPOMETRIC DATA MXU•ESSED AS PERCENTILES /
Condition 1: Subject wearing unpressurized suit but barehanded.

Cond'tion 2: Subject wearing unpressurized suit and gloves.

Condition 3: Subj'ect wearing suit and gloves pressurized to 3.5 psig,

Condition J Condition 2 Condition 3

Cn*wtmeter P..-enttet inches Cevntimeter Perrenrz~de4 Inches Cevime'tevs Percenti.e Inches

15.0-0 95 TH 591 12.74 95 TH 5.02 12119 q5 TH 4.80
14.M9 90 TH 5.79 12.5&3 90 TH 4.93 11.40 90 TH 4.49
14.37 85 TH 5.66 12.30 85 TH 4.84 10.85 85 TH 4.27
14.09 80 TH 5.M5 12.10 80 I•I 4.76 10.45 80 TH 4.11
13.83 75 TH 5.44 11.90 75 T11 4.69 10.13 75 TH 3.99
13.59 70 Tit 5.35 11.73 70 TE 4.62 9.86 70 TH 3.88
13.37 65 TH 5.27 11.56 65 7H 455 9.64 65 TH 3.79
13.18 60 TH 5.19 11.39 60 TH 4.49 9.44 60 TH 3.72
12.99 55 TH 5.11 11.24 5,5 TH 4.42 9.27 55 TH 3.55
12.82 50 TH 5.05 11.08 50 TH 4.36 9.12 50 TH 3.59
12.65 45 H 4.98 10q3 45 T111 4.30 8.97 45 TH 3.53
12:50 40 TH 4.92 10.78 40 TH 4.24 8.84 40 T- 3.48
1t36 35 TH 4.86 1063 35 TH 4 18 8.72 35 TH 3.43
12M22 30 Ti 481 10.47 30 Tvi 4.12 8.59 10 TH 3.38
1208 2.5 TH 4.76 10.31 2.5 Ti 406 4.45 25 TH 3,33
11.95 20 TH 4.71 10.13 20 TH 3.99 8.28 2D TH 3.26
11.83 15 TH 4.53 9.93 15 T11 3.91 8&U 15 TH 3.17
11.69 10 TH 4.80 9.68 10 TB 381 7.67 10 T1 3.02
11.50 5 MB 453 9,10 5 T" 3.66 6.81 5 TH 2.68

Percentage Decrerme c, the Percentage Decrawe of the
Indirdt Differences (Ateraged) Meany

Cond4tm, I au Rawe Co.fndff I 4

CoA)ditwtl ': 15 221 Coindition 2. 15.42%
Condition 3:2.9 28% Canmition 3: 29.47%

12.9



Hand Spread Across Wedge-7
Distal ioint of digit 1 to middle joint of digit 4 - A measure of the
gripping spread between the last or outer segment of the thumb
and the middle segment of the ring finger

HUMAN ENGINEERING APPLICATIONS

For - 1) Determination of the maximum size of wheels to be p, -asped and/or turned by these two
segments of the hand

DESIGN CRITERIA

Number of inches necesasy to include or accommodate approximately t5% of USAF rated
personnel:

Barehanded Unpwrssurized Presiirized

4½ in. 3z/ in1. 2½& in.

130



Range of Vclues for
Hand Spread Across Wedge-7 per Glove Size

inches (cm)
2.00 3.00 400 o.00 6.00 T.OO

(MOB) (1.621 (10.16) (12.701 (15.24) (17.78)

GLOVE IZE

S I---.--

A

I.-- .... 4"

I I-------

-23ARE 4ANOE0

1------. .----41.

LL-



HAND SPREAD ACROSS WEDGE-8;
DISTAL JOINT OF DIGIT 1 TO MIDDLE

JOINT OF DIGIT 5

.O )

Subject places his right hand on
the measuring wedge so that the
distaljoint of his thumb is on the '"*

right edge of the wedge and the /
middle joint of digit 5 is on the
left edge of the wedge. Subject
slides his hand down the sides of
the wedge to the maxina]l spread
while maintainirg joint contact
on te edges. Feading is taken at
the last V4 inch line completely
cleared. -

APNHROPOMETrIC DATA (t4 27)

Cndition t: Subjeci wearing unpimssurized suit but barebanded

Condition 2. Subject wearing unprossurized suit and gloves.

Condition 3: Subject wearing suit and gloves preunrzed to 3,5 psig.

Corditii • co•d•tion 2 Conivre 3

13A1 cm, 5.28 in. 1.41 cm. 4.49 in. 8.96 cin; 3.53 in.

SD: 1.16 cm. 0.40 in. 1.32 cmi 0.52 1i. 1.48 c",; 0.58 in.

113 5 12.,•

132



HAND SPREAD ACROSS WEDGE-8

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES /
Condition 1. Subject wearing unpressurized suit but barehanded.

Condition 2Z Subject wearing unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition I Condition 2 CondiUon 3

Ceumers Percewiles Inches Cenuimeers PEerewl*, Inchmes Centdmeter Percentiles Inches
1591 95 TH 6.26 13.67 95 TH 5.38 11.09 95 TH 4.60
14.90 90 TH 5.87 13.45 90 TH 5.30 10.98 90 TH 4.32
14.58 85 TH 5.74 13.08 85 TH 5.15 10.57 85 TH 4.16
14.35 80 TH 565 12.73 80 TH 5.01 10.28 80 TH 4.05
14.17 75 TH 5.58 12.41 75 TH 4.89 10.03 75 TH 3.95
14.04 70 TH 5.53 12.14 70 TH 4.78 9.81 70 TH 3.86
13.$0 65 TH 5.47 11.90 65 TH 4.68 9.61 65 TH 3.78
13.77 60 TH 5.42 11.69 60 TH 4.60 9.41 60 TH 3.70
13.56 55 TH 5.34 11.51 55 TH 4.53 9.22 55 TH 3.63
13.33 50 TH 5.25 11.35 50 TH 4.47 9.02 50 TH 3.55
12.70 45 TH 5.00 11.20 45 TH 4.41 8.82 45 TH 3.47
12.61 40 TH 4.97 11.08 40 TH 4.36 8.61 40 TH 3.39
12.53 35 Th 4.93 10.97 35 TH 4.32 8.39 35 TH 320
12.44 30 TH 4.90 10.86 30 TH 4.27 8.16 30 TH 3.21
12.38 25 TH 4.87 10.74 25 TH 4.23 7.91 25 TH 3.11
12.27 20 TH 4.83 10.6) 20 TH 4.17 7.63 20 TH 3.00
12.13 15 TH 4.78 10.38 15 TH 4.09 7.31 15 TH 2.88
11.96 10 TH 4.71 9.97 10 TH 392 6.95 10 TH 2.74
11.79 5 T11 4.64 8.84 5 TM 3.48 654 5 TH 2.57

Percentage Decreas4 of the Percen•age De'crease of the
lNdividual Differences (Anrtrged) Meaun

Conditioni I du Bcta CoedUitim I cs Base

Condition 2: 14.78% Condition 2: 14 91%
Condition 3: 32•94% Condition 3: 33U18w
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Hand Spread Acro-.0 Wedge-8
Distal joint of digit I to middle joint of digit 5 - A measure (,f the
gripping spread between the last or omter segrruat of the thumb
and the middle segment of the little dnger

HUMAN ENGINEESI:NG APPUCATIONS

For - 1) Determination of the maximum size of wheels to be grasped and/or turned by these two
segments of the hand

DESIGN CRITERIA

Number of inches necessary to include or accommodate approximately 95% of USAF rated
personnel.

Barehanded Unipressurizd Pressurized

4Yz in. 314 in. 21/z in.
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Range of Values for
Hand Spread Across Wedge-8 per Glove Size

2.00 3.00 400 5.00•too 700
(5.08) (7.62) (10.16) (12.70o (15.24) (17.78)

GLOVE SIZE

@AR- .. ...

I------I

K,--- -.- ,-.SI. - .-

113

F '-- I

- - IPESU'C ..-- -

SPRESS URIZEDO ._
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HAND SPREAD ACROSS WEDGE-9;
CROTCH I OF HAND TC DISTAL JOINT

OF DIGIT 2

Subject places his right hand on 0
the measuring wedge so that
crotch 1 is on the right edge of
the wedge and the distal joint of
digit 2 is on the left edge of the
wedge. Subject slides his hand "

down the sides of the wedge to .

the maximal joint contact on t•e
edges. Reading is taken at the last , ""

V4 inch line completely cleared.

ANTHROPOMETRIC DATA (N-=-27)

Condit,,n 1: Subject wearing unpressurizd suit but barehanded.

Condition 2. Subiect wearing unpressurized suit and gloves.

Condition 3: Subject wearing suit and glovej preasurized to 3.5 psig.

Condition 1 Condition 2 Condition 3

10.75 cm; 4.23 in. 9.29 cm; 3.06 in. 7.97 cm; 3.14 ii.

SD: 1.00 cm; 0.43 in. 1.14 ca,. 0.45 in. 0.9. cm, 0.37 in.

VS: 10.16 12.22 1174
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HAND SPREAD ACROSS WEDGE-9

ANTHROPOMETRIC DATA EXVRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized suit but baerhandedL

Condition 2. Subject wearing unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 plig.

Condition 1 Condi ion 2 Condition 3

Centimerm Pevcewdiu Inches Cstilnefei Pevcentiles 1,che Ceititen Pevcmtilu Inch"

12.29 95 TH 4.84 11.49 95 TI'71 4352 9.60 95 TH 3.78
11.98 90 TH 4.72 1064 90 TH 4.1q 9.45 90 TH 3`72
11.83 85 TH 4.06 10.31 85 TH 4.0- 9.20 85 TH 3.62
11.70 80 TH 4.61 10.13 80 TH 3.99 8.96 80 TH 353
11.59 75 TH 4.56 10.00 75 TH 3.94 8.73 75 TH 3.44
11.47 70 TH 4.52 9.89 70 TH 3.89 8.52 70 TH 3.35
11.35 65 TH 4.47 9.78 65 TH 3.85 8.33 65 TH 3.28
11.23 00 TH 4.42 9.67 00 TH 3.81 &15 60 TH 3M21
11.09 55 TH 4.37 9.55 55 TM 3.76 7.99 55 TH 3.14
10.94 50 TH 4.31 9.42 50 TH 3.71 7.84 50 TH 3.09
10.79 45 TH 4.25 9.27 45 TH 3.65 7.70 45 TH 3.03
10.62 40 TH 4.18 9.11 40) T1 3.59 757 40 T1t 2.98
10.43 35 TH 4.11 8.92 35 TH 3.51 7.44 35 TH 2.93
10.23 30 TH 4.03 8.70 30 TH 3.43 7.33 30 TH 2.89
10.00 25 TH 3.94 8.<o 25 TH 3.33 7- =- 25 TH 2.84
9.75 20 TH 3.84 8.19 20 TH 322 7.11 20 TH 2.80
9.48 15 TH 3.73 7.88 15 TH 3.10 7.00 15 TH 2,70
9.18 "10 TH 3.62 7.55 10 TH 297 6.86 10 TH 2.70
8.94 5 TH 3.52 7.34 5 TH 2.89 6S, 5 TH 2.00

Percentage Decreae of the Percea.ge Decvrate of the
Irdihidw4 Vilerentes(Atraed) A Ians

Condiotim I aiSa Coadvio I a 4

Condition 2: 13-57% Condition 2: 13.58%
Condition 3: 25.65% Condition 3: 25.86%
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// Hand Sproad Across We.ge-9
Crotch I of hand to distal joint of digit 2 - A measure of the
gripping spread between the crotch formed at the juncture of the
thumb and forefinger and the last segment of the forefinger

HUMAN ENGINEERING APPUCATIONS

For - 1) Detrmnination ef the maximum size of wheels to be grasped and/or turned by these two
ares of the h2nd

DESIGN CRITERIA

Nomber of inches necessary to include or accomm(udate approximately 95% of USAF rated
personnel:

Barehanded Unpreuri.zed Presswuied
31/z in. i n in. 2V2 in.
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Range of Values for
Hand Spread Across Wedge-9 per Glove Size

5MGe (cM)
2.00 2.50 &00 3.50 4.00 4.50 5,00 5650

(5.08) (635) (76') (889) (10.16) (l 43) (12.70) (1397)

GLOVE SIZE 

I

3 1 I

ii-.---.

A

L -P4ESSuRIZE.

L PRE SSURI ZED
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HAND SPREAD ACROSS WEDGE-lO;
CROTCH I OF HAND TO DISTAL JOINT

OF DIGIT 3

Subjet places his right hand o n
the mrasurin, wedge so that
crotch l is on, . right edge of
the wedge and the distal joint of
digit 3 is on the left edge of the *

wedge. Subject slides his hand -

down the sides of the wedge to
tLe a•ximal spread while main- -,

taming joint ct,ntact on the clges.
Feadmng is taken at the last V4  " / ,
ivch line completely clhaxed. • (:

5..

ANTHROPOMETRIC DATA (N = 27)

C.oncl'!tcm 1: Submect wearing im|,trftsunted suit hut hbrehanded.

GCnditsin *. Suhec•t ',earing unpresumntlrd suit and glovm".

Cosdition 3: Suhlmec warnng suit an' gloves preisunzed to 3-5 puig,

Condition I Condi..m 2 CogdLaion 3

T 12 58 cn. 4. in. 10O.8 cm. 4 IT n 8 65 cm. 3 41 in.

SD: 1.15 ci. 0.45 in. 1.16 cm. C 46 is. 1 02cm. 0 40 mn.

V106 11.84
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HAND SPREAD ACROSS WEDGE-10

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpress,-tized suit but b,aehandnd.

Condition 2. Subject wearing unpressurized suit and gloves.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 prig.

Cmuawn I Conditin 2 Coidition 3

C'•.itmeier Pa'cvcut'Li Inches Crau.mnete Percentdrs !nchc, Cdutbmemty ?F#-Ct, mc

14.52 95 TH 5.72 1 ?41 93 TH 4.89 10.90 W TH 4.29
14.33 90 T" 5.64 12U01 90 TH 4.73 9.9% 90 TI! 3.902
14.01 85 TH 5.52 11.81 85 T"} 4.65 9.59 85 TH 3.77
13.70 80 TH 5.39 11.6 80 TH 4.59 9.39 80 T11 3.70
13.42 75 Tt 5.28 11.52 75 Tn 4.53 9.27 75 TH 3.65
13.16 70 TH 518 11.38 70 TH 4.48 9.17 70 TH 3.61
12.93 65 TH 5.09 11.24 65 TH 4.4.2 9.09 65 TH 3.58
12.73 60 TH 5.01 11.09 60 TI 4.37 9.01 00 TH 3.55
12.54 55 TH 4.94 10.93 55 TH 4.30 &92 55 Th 3.51
12 37 50 TH 4.87 10.76 50 TH 4.23 8-3 ,50 "1- 3.48
12:21 45 TH 4.81 10.57 45 TH 4.16 8.72 45 -1Mt 3.43
12O08 40 TM 4.75 1037 40 TH 4.08 860 40 "H 3.39
11.95 35 TH 4.70 10.16 35 TI" 400 8.40 35 TM 3.33
11 8 30 Tn 4.66 9W.3 30 TH 3.91 8.30 30 "M 3-277
11.72 25 TH 462 969 25 TH 3.81 8.10 25 TH 3,19
11.1 "20 TH 4.57 942 20 TI 371 7.87 M TI! 3.10
1150 15 TH 4.53 9.15 15 TN 360 7.6b 15 TH 2.-9
11.32 10 T11 4.40 891 10 T! 3.51 7.T27 10 TH 2.88
10.91 5 TH 4.30 888 57"1 3.49 8.92 5 TH 173

Pere..-Jde• Dirmae of e the ?rreOr± e a Dc of the

Individual DferhCet, (Avei'or d) .UeGJU
codotI" 4 Coftd"p,ft I W S&M

Conghtion2 158 7i% CwKoitiom 2: 15 90%
CA9WitVn 3. 31.(06S Conditson 3: 31-24%,



Hand Spread Across Wedge-1O

gripling spread between the crotch fowmed at the lunctur of dbe

thumb and fureang-er amd the I"s Lew-wtr.en4o t66 rnidd fing~

tWMhtI ENXMNME1JG AmJICATIONS

For - 1 Determiination of the umsximum size of w-*aIs to be graped axKlor turrwd by these two

&rem of ibe haw

"M GN- MWA

Number of inches necewry to indude ir acmnlrod~te aPP~oxunatelY 95% of USAF rtted

Barehi#ded vUnffaur~d Prutoiaza'd

41V4in. Y ¼in. 2½iu
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Range of Values for
Hand Spread Across Wedge-lO per Glove Size

.cKws (ca.)
2.00 Soo 400 5-0 6O0

(5.8) ,. (1o 06) ,ToM 24)

131

G;LOVE SIZE
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/ HAND SPREAD ACROSS WEDGE- 1;
CROTCH I OF HAND TO DISTAL JOINT

OF DIGil 4

Subject place his right hand on
the mes•uring wedge so that *

crofth 1 lison the right edge of
the wedge and the distal joint of
digit 4 ', cn the left edge of the
wedge. Subject slides his hand
down the sides of the wedge to
the maximal spread whle main-
taining joint contact on the edges.
Reading is taken at the last .
inch line completely cleared.

ANTHROPOMETRIC DATA (N = 27)

Condition 1: Subject wearing unpressurized suit but barel.anded.

Conditloo 2, Subject wearing unpressurized suit and gloves.

Cotuition 3: Subjct wesarng vit &ad gloves pr.-ized to 35 psig,

ConAdtion I Condfiio 22 Condition 3

13.01 cn, 5.12 in. 10.94 cm; 4.31 in. 8.75 cm- 3.44 in.

SD. 1.40 cm. 055 in. 1.31 an; 0-52 La. 1.03 Cm. 0.40 in.

VS: 10.74 11.97 11.74
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HAND SPREAD ACROSS WEDGE-11

ANTHROPOMETRIC DATA EXPRESSED AS PERCENTILES (
Condition 1: Subject wearing unpressuriv-d suit but bQrehanded.

Condition 2: Subject wearing unpressurized suit and gloves.

Condition 3: Subjet wearing suit and glows pressurized to 3.5 psg

Condtion 1 ConditUOn 2 Cond•iton 3

*Ca,.ftwivsetr ?eavoiud inches C,*tknefen PercgUjileg Jmet., Cew*%~t6"d PeaV4UL.* ladea
15.11 95 TA 5.95 13.68 95 TH 5.38 10.19 95 TH 4.01
14.79 90 TH 5.82 12,80 90 TH 5.04 9.95 90 TH 3.92
14.48 85 TH 5.70 12.39 85 TH 4.88 9.79 85 TH 3,86
14.21 80 TH 559 12.13 80 TH 4.77 90. 80 TH 3.80
13.96 75 TH 5.49 11,92 75 TH 4.69 9-54 75 TH 376
13.72 70 TH 5.40 11.74 70 TH 4.62 9.42- 70 TH 3,71
13.51 65 TH 5-32 11.56 65 TH 4.55 9-29 65 TH 3,06
13.31 00 TH 5.24 11.39 60 TH 4.49 9.16 60 TM 3,61
13,11 55 TH 5.16 11.22 n TH 4.42 9.03 55 TH 3,56
12.93 50 TH 5.09 11.04 50 TH 4.35 8.89 50 TH 3.50
L-74 4,5 TH 5.02 10.85 45 TH 4.27 8.74 45 TH Z.4
12.57 40 TH 4.95 10.65 40 TH 4.19 859 40 TH 3.38
12.39 35,-T 4.88 10.44 35 TH 4.11 8.42 35 TH 3.32
12.21 30 TH 4.81 10.20 30 TH 4.02 8.25 30 TH 3.M5
12.03 25 TH 4.74 9.95 25 TH 3.92 &06 25 TH 3.17
11-4 20 TH 4036 9.68 20 Til 3.81 7.85 20 TH 3.00
11.•3 15 TH 4.M8 9.39 15 TH 3,70 7.64 15 T" 3,01
11.37 10 TH 4.48 9.10 10 T" 3.58 7.41 10 TH 2.92
10.9 5 TH 4M33 8.98 5 TH 3M54 7.7 5 TH 2.60

Percntage Decrevom of 144 Fecens~age D..eemi of the
Istditidual Differcnces(A tvmged) tm

GCoftdmiw Iat BU CoWsMm I gUs

Condimtmon 2: 15.83 Condmu~ 2: 15,.91
Coaditioa 3: 32761% Cooditon3 3. U74%
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Hand Spread Across Wedge-11
Crotch 1 of hand to distal joint of Jdgit 4 - A measue of the
gripping spread between the c'Atch formed at the juncture of the
thumb and forefinger and the last segment of the ring finger

HUMAN ENGINEIUNG APPLrCATIONS

For- I) Deternination of the -mximum size of wheels to be grasped and/or turned by these two
2ress of the hand

DESIGN CRTERIA

Ntmber of inches noeuzy to inchlde or acoxnmodate approximmaty 96% of USAF rated

B4 hai¼ d Uipn.wt3 ed ins2wfred

4V4in. 3 % in. 23/4 m



Range of Values for
Hand Spread Across Wedge-11 per Glove Size

w~be (CM)
2.O0 300 4.00 500 6.00 7.00

(M06) T7.62) (1OI1) (12.70) (15.24) (17.71

GLOVE SIZE

A 1--

S 1'----.---

CI
c ----- 4

I--

AI o .-- -.. -I

* --. -,+4

N II--- -! -

-. I REHANCOr.
I UN-PES3JWRImT[E -D-

-- �PRESSURIZED

K

x I----4

1. t------------
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HAND SPREAD ACROSS WEDGE-12;
CROTCH I OF HAND TO DISTAL JOINT

OF DIGIT 5

Subject places his right hand on
the measuring wedge so that
crotc is on the right edge of "
the wedge and the distal joint of -
digit 5 is on the left edge of the :-
wedge. Subiect slides his hand I
down the sides of the wedge to
the maximal spread while main- ,
taining joint contact on the edges.
Reading is taken at the last Y ,4
inch liae completely cleared.

ANTHROPOMETRIC DATA (N-27)

Cordition 1: Subject wearing unpressui zed suit but barelanded.

Condition 2: Subject wearing unpressurized suit and gloves.

Condition 3: Subject wxalng suit and gloves presmulzed to 3.5 psig.

Conditton I Condifion 2 CondWtio 3

1172 cm, 5.01 in. 10.72 an; 4.22. i 8.25 cm; 3M2 in.

SD: 1.51 cm, 0.6O in 1AS cm. 0 57 i. 1.21 cm; 0.48 in.

V%: 11.88 13.51 14.83
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HAND SPREAD ACROSS WEDGE-12

ANTHROPOMAETRIC DATA EXPRESSED AS PERCENTILES

Condition 1: Subject wearing unpressurized suit but barehandad.

Condition 2: Subject wearing unpressurized suit and glosen.

Condition 3: Subject wearing suit and gloves pressurized to 3.5 psig.

Condition I Condmion 2 Conditio3

Cewuwsetm Percatxn. la inh" CewneMter Fer'omtdej inMv Cefia refwntia" inch/m
14.65 95 TH 5.77 13.33 95 Ili 5.25 11.15 95 TH 4.39
14.56 90 TH 5.73 12.83 90 TH 5.05 10.25 90 TH 4.04
14.46 85 TH 5.69 12.45 85 TIT 4.9U g,73 85 TH 3.83
14.38 80 Th 5.66 12.13 80 TH 4.78 937 80 TH 3.69
14.27 75 TH 5.62 11.84 75 TH 4.06 9.08 75 TH 3.57
13.73 70 TH 5.40 11.57 70 TH 4.55 8.84 70 T1 3.48
13.39 65 TH 5.27 11.32 65 TH 4.45 863 65 TH 3.40
12.8 60 TH 4.90 11.17 60 TH 4.36 8.44 60 TH 3.32
12.57 55 TH 4.95 10.84 55 TH 4.27 827 55 TH 3.28
12.40 M0 TH 4.90 10.62 50 TH 4.18 8.11 50 TH 3.19
12.35 45 Th 4.86 10.39 A Tit 4.09 7.95 45 TH 3,13
12.23 40 TH 4.81 10.17 40 TH 4.01 7.80 40 TH 3.07
12.09 35 TH 4.70 9.95 35 TH 3.920 7M6 35 TH 3.01
11.96 30 TH 4.71 9.74 30 TH 3.83 7.51 30 TH 2.96
11.82 25 TH 4.06 9.52 25 TH 3.75 7.3 25 TH 2.90
11.65 20 ThT 4.59 9.30 20 TH 3.68 7.20 20 TH 2,33
11.42 15 TIT 450 9.00 15 TH 358 7.0U2 15 TH 2.77
11.17 10 TN 4.40 8.91 10 TH 3.51 U83 10 TH I.-69
10.84 5 TH 4.-7 8.84 5 TH 3.48 6w0 5lH 2.80

Percentcge Decrea-. of Mhe Perc we Dwaa of the
Indiv4dua Diferences (Awmgcd) Meim-

Co~duak. I at Baw Comikim I m sw

Condition 2: 15.55% Condition 2: M5-7,2%
Condition 3: 3407% Conditioa 3: 35.14%
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Hand Spread Across Wedge-12
Crotch 1 of hand to distJ| joint of dikit , - A measure of the
gripping spread between the crotch formed at the jincture of the
thumb and forefinge and the last segment of the little finger

HUMAN ENGINEERING APPUCATIONS

For - 1) Deteiminatiou of the maximum size of wheels to be grasped and/or turned by these two
ares of tbe hand

DESIGN CRITERIA

Number of inches necesary to include or acoommodate appoxixmately 95% of USAF rated

Bai'eJanded Un~rwvsriud Preururized

4½ in. 31Y4 in. 2V2 in.

LW"



Range of Values for
Hand Spread Across Wedge-12 per Glove Size

2.00 3.00 4.00 5.00 6.00
(5.08) (762) (10.16) (1-70) (15.24)

GLOVE SiZE 1-.. ..........
GLOVE SIZ 1E- - -.-•,____ -

-- PRI SSURI ZE ,--

B------
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Section III.
MEASURING INSTRUMENTS

Sliding Caliper (dimensions 1-4. 13-18): a standard anthropometric instrument

Flexible Steel Tape (5-8): a standard anthropometric instrument

Beam Caliper (16): a standard antdiropolnetric instrument consisting of the upper half of a
stand.ird anthropometer

Finger Board (9-10): a %-inch thick, rigid plastic sheet, with a drilled series of graduated holes
ranging from %-inch to l¼-inch in diameter

Hand Cone (11-12): a hardwood cone, graduated into 24 equal sections ranging from 2 to 8
inches in ciscuraference

Rotation Box (17-18; 22-24): a 5-inch diameter protractor, marked in 10-degree intervals, fastened
on a 6 z 6 x 1%-inch cardboard box; weights are inserted to provide balanc-. A class C (basic-
ally a C-1 knob illustrated in HEGED, op. cii., p. T73) -otary knob mounted on a metallic
shaft penetrates the center of the protractor. (See figure 3.)

Dijnotnow er (19): a Smedley Hand Dynomometer calibrated in kilograms and manufactured by
C. H. Stoelting Co., Chicago, Ill.

Torque Wrench A.semhly (20-21): a standard inch-pound torque wrench mounted freely as shown
in plate 3 on a plywood A-frame, used with a steel T.bar handle, %-inch in diameter, welded
to a %-inch diameter shank and %-inch socket

Wedge (25-3W): a 24-inch long. 1-inch thick hardwood measuring block, 8-inches wide at the bot-
tom and 2-in.hes wide at t.e top. (This slope provides a ¼,-inch change in width for every
1-inch of length. The face of the wedge is marked with both actual width dnmensions and
a numerical code. The code was ued to fatilitate vocalizing and recording measurenents.)
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Aerospace Medical Research Laboratories UNCLASSIFIED
Aerospace Medical Div., Air Force Systems 1. C.Ou.
Commard, Wright-Patterson A}FB, OH 45433 N/A

Z APOmT ?.(L(

CLEARANCE AND PERFORMANCE VALUES FOR THE 3ARE-HANDED AND THE PRESSURE-
GLOVED OPERATOR
4 O&VCCU?1 .401('p . f .& I .*

Final Re~pott_

John W. Garrett

6 .RCJ>PTQ 7184-TTL QO I.9

IL -ACI -v 7184 AMRL-TR-68-24

Task No. 718408 0,. o, .tpo., ,.o.., -, Rd.ft.4 a. . d.

This document has been approved for public release and sale; its distribution is unlimite4

ot IVPLhflT. e .s 0. 01 '0 CY.-S•O 4 LW 1*31? Cr.V yr

Aerospace Medical Reseat .n Labo%-atories

IAerospace Medical Div., Air Force Systems
[Command. Wright-Patterson At-R, OF 45 J33

This report summarizes hand and arm dimensional, clearance, and strength data of 27

adult males wearing the A/P12S-2 full-pressure suit. Thirty-six measures were obtained
under each of three conditions: bare-handed; gloved and unpressurized; and gloved and
pressurized. The data are both summarized for all subjects and reported independently

by glove size worn. Uses of the data are suggested and specific design values
iecommended.
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Hand dimensions
Ar . , .dimensions
Ekttre-handed measurements
Gloved, unpressurized measurements
Gloved, pressurized meA-surements
•Clearanne and performance values
Strength
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